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PREFACE 


THE responsibility of revising a work by Huxley would 
not rest lightly upon the mind of anyone familiar with the 
style of that great master of English prose. In the present 


_ case, the invitation to prepare a new edition of a work 


_ which has long been accepted asa standard of scientific expo- 


sition aroused a lively consciousness of the difficulty of the 
task ; and duty only prevailed over diffidence because of a 
belief that the sphere of influence of the book might be 
widened. Fortified by Huxley’s counsel to “Do what you 
can to do what you ought, and leave hoping and fearing 
alone,” an attempt has been made to increase the attractive- 
ness of the book without sacrificing its scientific character, 


' by taking advantage of the greater possibilities of book 


illustration that exist now in comparison with what were 


available when the original work was published. 

Of the three hundred illustrations in the present volume, 
only six have appeared in the text of the old editions, the 
remainder being reproductions from new drawings or photo- 


‘ graphs. Many of these prints have been generously provided 


by men of science whose work is freely given when it is to 
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be used for the extension of natural knowledge; other 
photographs have been taken expressly for this book, and 
a large number have been reproduced from pictures by 
professional photographers. To those who have thus 
assisted in elucidating the text, either with or without 
recompense, adequate acknowledgment cannot here be 
expressed; but it is pleasing to remember that in most 
cases the picture is regarded as a tribute to Huxley’s 
memory from the photographer whose name appears under it. 

Fortunately for the progress of the revision of the text 


On 4 1a ncctinn 


and the promise of its ultimate success, valuable help was — 


forthcoming in directions in which it was most needed. Dr. 
F. J. Allen, whose intellectual catholicity and scientific 
knowledge are familiar to many men of science, has revised 
a large part of the book; and the chapter on geological 
structure and history is due almost entirely to him. It is 
easy for one man to show interest in the work of another, 
but the close attention and substantial aid given by Dr. 
Allen are as rare as they are gratifying to remember. Mr. 
Hugh Richardson, of Bootham School, has been most 
fertile in suggestions—indeed, it was largely due to him 
that the revision was undertaken—and as he has used the 


volume in his classes as an introduction to the study of | 


science, the experience thus gained has been of great 


service. The additional particulars on maps and map- 


making were drafted by Mr. Richardson, and the whole : 


book has had the benefit of his sympathetic interest. 


What the present volume would have been without the — 


# 
. 
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constant attachment which has been shown by these and 


other friends it is perhaps best not to inquire. Only a 
book by Huxley could stimulate such regard into action. 
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As to the character of the revision, a few words of ex- 
planation are necessary, if only to justify what has been 
done. The original volume was based upon a course of 
lectures on the Thames and its basin; and after showing 
how this local text could be made the subject of a com- 
prehensive analysis, Huxley remarked that an intelligent 
teacher would have “no difficulty in making use of the river 
and river basin of the district in which his own school is 
situated for the same purpose.” To facilitate the use of the 
book in this way, the central idea of the present volume has 


been transferred from the Thames to any river basin, and 


the references to the Thames have only been retained when 


they seemed essential to the descriptive text. It is hoped 


that this change of the point of view will not render the 
book less interesting to students in the south of England, 
and will increase its opportunities in schools far removed 
from the neighbourhood of the Thames. 

The new outlook has, of course, not necessitated any 
departure from the “incidental” method of regarding 


nature now adopted in science teaching. Leaders of the 


“Nature Study” movement agree that the method of 
approach advocated by Huxley in his “Introduction to the 
Study of Nature” is the best one to follow if scientific 
thought is to be developed. The words in which this 
principle are expressed are here given ; and they should form 
one of the articles of belief of every educational philosopher : 

“The teacher who wishes to lead his pupil to form a clear 


- mental picture of the order which pervades the multiform 


and endlessly shifting phenomena of nature, should com- 
mence with the familiar facts of the scholar’s daily experi- 
ence; and from the firm ground of such experience, he 
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should lead the beginner, step by step, to remoter objects 
and to the less readily comprehensible relations of things. 
In short, the knowledge of the child should, of set purpose, 
be made to grow, in the same manner as that of the human 
race has spontaneously grown.” 

To put this cardinal principle of scientific education into 
practice, it is essential that the pupils should make precise 
observations of natural objects and phenomena ; and upon 
the personal experience thus gained should be based in- 
quiries as to the relation between consequence and cause. 
It was originally intended to supplement each chapter with 
a set of simple subjects for observation and measurement, 
which could be undertaken out of doors or in school; but 
the size of the book would have been increased to such an 
extent by these instructions for practical work, that it was 
reluctantly decided to omit them. Arrangements have, how- 
ever, been made for the separate publication of this material, 
so that teachers and students will before long have at their 
disposal a practical course which may appropriately be 
adapted to investigate the facts described in the following 
pages. 

R. A. GREGORY. 


LONDON, 
June, 1904. 
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; PHYSIOGRAPHY 
i) CHAPTER I 

‘2 MAPS AND MAP READING 


_ Meaning of map.—lIf a person in a balloon at a great 
_ height over any part of the earth’s surface sketched in outline 
_ what he saw directly below, his sketch on a flat surface like 


Fic 1.—View from a balloon. Reproduced by kind permission from a photograph 
y by the Rey. J. M. Bacon. 


2 


- this page would be called a map. When the portion of 
country thus delineated is but small, the sketch is gene- 
‘tally termed a plan; and if the area depicted consist 
chiefly of water instead of land, it is calleda chart, Hence 

: H, & G. P. zy) B 
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we commonly speak of the plan of an estate, the map of a 
country, the chart of an ocean. A map then, is simply an 
outline-sketch of a portion of the earth’s surface, as would 
be seen from a balloon passing at a great height directly 
over the country (Figs. 1 and 2). It is the common practice 
to draw maps in such a position that the north is towards 


Fic. 2,—Sketch map representing the view photographed in Fig. x, 


the top, and the south towards the bottom; while the east 
lies on the right hand of the person who looks at the map, 
and the west lies on his left hand. 

Cardinal points.—These terms—north and south, east 
and west—are terms which have a meaning quite independ- 
ent of local circumstances, and indicate definite directions 
which can be determined in any part of the world and at all 
times. It is desirable to explain how these cardinal points 
may be determined. 

Of the four points, the south is perhaps the most easily 
found, at least on asunshiny day. Every morning the sun 


appears to rise slowly in the sky, and mounts to its greatest 


height at noon. At the instant of reaching its greatest 


height, or in other words at apparent noon, the sun is 


A we “eh S 
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precisely in the south. If, then, you place yourself in such 
a position as to have the sun shining full in your face 
at that particular time, you must be facing south; and 
you will consequently have your back to the north, your 


‘Fic, 3.—The sun is due south when the shadows of upright objects are shortest 
for the day. This occurs about twelve o'clock noon. 


right hand towards the west, and your left towards the 
east (Fig. 3). 

Determination of meridian line by sun.—As true 
noon does not always coincide with 12 o’clock, as indicated 
by an ordinary timekeeper, it is necessary to explain how 
it may be determined. Observe, at different hours of the 
day, the length and direction of the shadow of an upright 
post or flagstaff cast by the sun (Fig. 4). When the sun is 
rising in the sky, the shadow is thrown towards the west ; 
and when the sun is going down, it is thrown towards 
the east ; at noon, however, it inclines neither to the east 

B 2 
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nor to the west, but falls exactly in a north-and-south line ; 
and, moreover, the shadow is then shorter than at any other 
time. If, therefore, you observe when the shadow is shortest, 
that time will be exactly noon. The line indicated by 
the shadow at noon is known as the 
meridian line or mid-day line. 
That end of the noon shadow-line 
which is towards the sun points to 
the south, and the opposite end to the 
north. 

Instead of observing the shadow of a 
vertical post or flagstaff, a lady’s hat-pin 
may be fixed upright in a board lying 
flat on the ground or on the top of a 
wall. The change in length of the 
shadow of the pin during the day can 
thus be easily seen. It is not easy, 
however, by merely looking at the 
shadow of a post or pin, to say when 
it is exactly reduced to its shortest 
length. It is well, therefore, to ob- 
serve the shadow at some time in the 
forenoon and mark its length, and then 
# in the afternoon to observe the shadow 
Fic. 4.—A line drawn again, when it has reached exactly the 


mid-way between the 


directions of shadows same length. The afternoon shadow 
of equal length of a 3 é 

fixed object. before Will then be just as much on one 
and after noon is due 


cree uaa tay coer side of the meridian line as the fore- 
noon shadow was on the other side. 
The mid-day line, or the line which runs due north and 


south, will therefore be exactly half-way between the two 


shadows. 

The north-star.—But it is by no means necessary to 
have daylight in order to discover the direction of the 
cardinal points. If you look up into the heavens on 
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a clear starry night, you will have no difficulty, in this part 
of the world, in finding that curious group of seven bright 


stars, known as 
Charles’s Wain, 
or The Plough 
(Fig. 5). A line 
drawn through 
two of these 
stars, known as 
the Pointers, 
will, if prolonged 
to about five 
times its length, 
pass very close 
to the famous 
Pole-star or 
North-star.! 
On a clear night, 
all the groups of 
stars appear to 
move slowly 
round a certain 
motionless point 
in the sky, which 
is the north pole 
of the heavens. 
That point of the 
heavens which is 


Fic. 5.—The north point can be found at night by turning 
toward the Pole-star or North-star. 


directly above the north pole of the earth is the celestial 
north pole. Hence, if explorers could reach the north 
pole, they would find the pole-star almost directly overhead. 
It must be remembered, however, that the pole-star is not 


1 The word ‘‘pole,” which, in common English, signifies a long 
straight stick, is used in astronomy and geography in the sense of the 
Greek méAos (fo/os), a pivot on which everything turns. 


6 PHYSIOGRAPHY CHAP. 


exactly at the north pole of the heavens, although very near 
to it.. By observing the position of the pole-star, the north 
can be determined on a clear night as readily as the south 
may be determined by the sun at noon. 

The magnetic compass.—If, however, the sun is be- 
clouded, so that the heavenly bodies are not visible, there is 
yet another easy means of finding 
the direction of the cardinal points. 
Let a thin bar of steel, or even a 
needle, be nicely balanced upon.a 
pivot (Fig. 6) or suspended by a 


water, so that it can turn freely in 
all directions horizontally ; it will be 


Fic. 6.—Compass needle ° found that the bar may be brought © 


balanced on inted : 2 Aye 
Bree ni da to rest in any desired position. If, 


however, the bar be rubbed with a 
magnet, a peculiar change is wrought in the steel, and it 
then no longer exhibits this indifference to direction, but, 
when ,left free, always takes 
up a definite position, one 
end pointing in a northerly 
and the other in a southerly 
direction. This property is 
taken advantage of in con- 
structing the mariner’s com- 
pass. About two hundred 
and fifty years ago the com- 
pass pointed . exactly north 
and south in London; but 


Fic. 7.—In England the north end 


from the year 1660, or there- of a compass needle points 
2 slightly to the west of true 
abouts, the end which tends north, 


northwards, and is therefore 
commonly called the xorth pole of the needle, began to turn 
a little to the west ; this variation from true north continued 


thread, or floated upon a cork in 


. 
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the needle which turns in a 
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until the year 1816, when it reached its greatest divergence, 
and since that time it has been steadily creeping back. The 
divergence of the position of the 
magnetic needle from the true 
north-and-south line is called its 
declination, or, by nautical 
men, its variation. In 1816 
the declination amounted to 
nearly 25°, but in 1904 it was 
little more than 16° in London; 
that is to say, the end or pole of 


Fic 8.—A compass card, showing 


northerly direction, instead of the points of the compass. 


pointing due north at London, 
points about 16° to the west of true north. This de- 
clination is shown in Fig. 7. The declination at any 


_ epoch differs at different parts of the earth, but knowing its 


value it is easy to make the proper allowance and thus find 
the true points of the compass (Fig 8). 
Scales of maps.—A map, however, does something 


- more than show simply direction ; it gives us, in addition, 


some notion of size. A map, as we have seen, is a kind of 
picture, and the size of this picture must bear a certain 
ratio to the size of the object represented. This ratio 
is called the scale of the map. Ifa map is said to 
have a scale of one inch to the mile, it is simply meant 
that a mile measured along the ground is represented 
by an inch measured on the map; or a square mile of 


_ country is represented by a square inch on the map, and so 


on. Most of the wonderfully accurate maps of the Ordnance 
Survey of the United Kingdom are constructed on this scale 
of one inch to the mile. In other words, in the map of a 
given: district, the distance between any two points is 
gsigoth of the actual distance, since there are 63,360 inches 
in one statute mile. The fraction which denotes the ratio of 
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the two distances is sometimes termed the representative 
fraction. Maps on a scale much greater than this are con- 
structed. The Ordnance Survey, for example, issues county 
“maps on a scale of six inches to a mile, the representative 
fraction being here zy2e5 (Fig. 9). Parish maps are also 


issued on a scale of s¢55 Of the actual length on the 
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Fic. 9.—Part of a 6-inch Ordnance Survey map. From sheet No:thumberland, 
CV, S.E. Bywell and Stokesfield. 


ground, so that one square inch on these plans approximately | 


represents one acre. 


Representation of differences of slope by 
shading.—In most maps, except those on an extremely 
small scale, an attempt is made to show something of the 
general features of the ground, especially whether the 
country is hilly or not. This is commonly effected by a 
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system of hill-shading, such as that represented in Fig. 10. 
If the ground is steep, the lines, or hachures, are drawn 
thick and close together, so that the steep places become 
dark ; if the ground is tolerably level, the lines are thinner 
and farther apart, and the general appearance of the map is 
consequently lighter. 

A hachured or shaded map, hung on a wall at some 
distance from the eye, gives a good general impression of 
the lie of the land. The white portions are either nearly 
level mountain tops, shelves on the hill-side, or flat valley 
bottoms. The very dark places are crags, the paler shades 
gentle slopes. Bringing the map nearer to the eye, the 
stream lines are seen, towards which the hills must slope in 
opposite directions. 

Such a system of shading, however, though effective by 
its combination of light and shade, shows in most cases 
merely that one part of the country is steeper or flatter 
than another, without enabling us to judge how much 
higher or how much lower. But in very accurate maps, 
such as those employed for military purposes, a definite 
scale of shade is often used. 

Contour-lines.—Another and entirely different method 
of representing difference of level is by drawing curved 
lines connecting points having the same heights above sea- 
level. In Fig. 11, for instance, it will be observed that, 
instead of hill-shading, a number of curved lines have been 
traced over the map, giving it a peculiar character. These 
curves are called contour-lines, and their meaning is ex- 
tremely simple. Suppose the valley of a river were 
flooded with water, and that this water could be dammed 
in or prevented from escaping, by a wall built across the 
mouth of the valley. If sufficient water covered the ground 
to stand 100 feet above the level of the sea, the surface of 
the water would form a plane, and its margin would trace a 
line, winding round every hill and up every valley, at a 
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height of exactly 190 feet. Such a curve would be the 
100-feet contour-line. Another curve, drawn at a height of 
200 feet above the sea-level, and therefore representing the 
margin of a body of water standing in the river valley 
200 feet above the sea would be the 200-feet contour. 
In like manner, a succession of these contour-lines may 


Fic. 10,—Part of a 1-inch Ordnance Survey map with hachures. 


be drawn, each at a distance of 100 feet from the next one 
below, just as though the flood rose in the valley and 
stopped at every 100 feet to leave its mark around its 
margin. It is evident that a system of such lines conveys a 
more exact idea of the character of the ground than can 
be obtained from ordinary hill-shading. . Z 

Visible contours.—Though contours are only imagi- 
nary lines, it is often possible to obtain a general view 
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of their direction by noticing well-marked levels in a 
country scene. ‘Thus, in a mountain district you may see 
level lines formed by the edge of a lake, by a road or a 
railway, by a wall marking the margin of cultivation and 
the edge of the fell; and, higher still, are level lines 
formed by sheep tracks, by the snow line on an autumn 


Fic, 11.—Part of a 1-inch Ordnance Suryey map with contours. 


morning, and by the edge of the mist which shrouds the 
summit (Fig. 13). 

These horizontal lines could be represented on a map by 
contours. Suppose further that the lines happen to be just 
Ioo feet apart in altitude from the lake 500 feet above the 
sea-level to the cairn at 1,500 feet. Where the lines are 
mapped close together, the slope must be steep ; where far 
apart, the slope is gentle. Everywhere the slope is at right 
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angles to the lines, hence the streams intersect the lines at 
right angles or nearly so. Fig.13 shows these lines represented 
as contours, and from such a map a good mental picture of 
the shape of the country represented may be obtained. 

Details of contour-lines.—Contours are generally 
complete rings or closed curves. If the ends of a contour 
are not connected within the map some connection must be 
imagined outside. Contours never cross each other, and 
they are everywhere at right angles to hachures. 


Alfred Pettitt, Keswick. 


Fic. 12.—View of Derwentwater and Skiddaw. The hills are represented upon the 
maps in Figs, 10 and 11. 


Photo. 


The English Ordnance Survey maps are published in two 
editions, one hachured, the other contoured ; and for some 
districts maps are issued in colour, with hachures in brown 
and contours upon the same sheet. There are also maps, 
copied from the Ordnance, on which the contours are made 
easier to understand by colouring the zones between them, 
so that all ground below 200 feet is green, or ground 
between 500 and 1,000 brown. 

Some practice is necessary before the eye can readily 


ee ree err eG Se ne er erer wey 


Ye ee 


I MAPS AND MAP READING 13 


follow the contour lines on an uncoloured survey map. 
Where footpath and contour coincide—and footpaths are 
apt to follow level lines on hill-sides—only the footpath is 
_ shown. Following a contour line is ‘like paperchasing, and 
some of the same principles apply ; for instance, if a contour 
enters a wood and is lost there, it will probably be found 
again emerging on the farther side of the wood. 

A contoured map does not give the same general impres- 
sion of the shape of the ground that a hachured map affords. 


Fic. 13 Bee etace, Showing natural and imaginary lines of equal altitude above 
“as sea level. 


But the contoured map is admirable for finding the way in 
a long walk over rolling uninhabited moorland, or through 
drifting mist, where there are no roads, houses, or signposts, 
and the traveller must identify his position by the shape of 
the ground and by estimating the distance travelled from 
his last known point. 

The steepness of the slope is proportional to the number 
of contour lines ; and the direction of the slope is at right 
angles to them. A level path is roughly parallel to the 
contours ; all sloping paths are aslant across them. Parallel 
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contours at equal distances indicate an even slope, unless 
the numbers on them are at unequal intervals, as 800, goo, 
1,000, I,250, 1,500. 

V-shaped lines fitted inside each other may mean either 
a valley or a ridge; the position of the stream line will 
generally enable one to be distinguished from the other. 
Isolated rings indicate hillocks; when the valley is filled 
with white mist these stand out as islands. 

Map sections.—From a contoured map it is easy to 
obtain a section across any line of country, for instance, 
along the line AB drawn on the map represented at the 
top of Fig. 14. A sheet of paper ruled in squares is laid 
over the lower part of the map. ‘The intersections of A B 
with the contour lines are marked off along the top edge 
of the squared paper. The horizontal lines on the left are 
numbered from 500 to 1,100 to agree with the contours. 
Vertical lines are then traced down from each contour as 
seen in the map to the same contour in section, the resulting 
point being marked with a cross. On joining these crosses 
the required section is obtained. It is obvious, however, 
that the vertical scale has been greatly exaggerated as com- 
pared with the horizontal. It is a common practice in 
constructing such a diagram as this to draw the heights to 
a scale many times greater than that used for the lengths. 
Without such exaggeration, the surface of the country would 
appear in a small diagram to be almost flat. There is 
clearly no harm in the practice of drawing diagrams on this 
principle, provided that the exaggeration of one dimension 
is always borne in mind. Great misconception, however, 
constantly arises from mistaking these intentionally distorted 
diagrams for true figures. 

Landscape.—A diagram such as that in Fig. 14 is not 
only a section, but also shows the general shape of the land 
as seen from a considerable distance. On reducing all the 
vertical distances by the same amount the appearance of 
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the hill in the landscape at the bottom of the figure is ob- 
tained. The problem of making a really accurate picture from 
a map of a mountain group is complicated by the perspective 
enlargement of hillocks in the foreground and diminution 
_ of mountains behind. The altitude of the spectator and 


_— 


_ the curvature of the earth must also be considered. Just 
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LANDSCAPE. 
Fic. 14.—Showing how to construct a section from a contoured map, and also how, 
the form of the section compares with the real landscape. 
as in drawing sections the vertical scale is often exag- 
_ gerated, so a landscape sketch of distant mountains is apt 
_to show the serrations on the sky-line more pronounced than, 
a photograph would justify. 

Roads and contours.—An English railway line is: 
seldom steeper than 1 in 50, and is therefore almost a. 
“contour, although this contour is often the result of a cut- 

ting or embankment. The old Roman roads were made 
straight from point to point with little attempt to consider. 
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of great perfection, skilled observers, able mathematicians, 
and trained draughtsmen. But a sketch map of a small 
area may be obtained with very simple apparatus. A 
drawing board having a compass upon it is slung over 
the shoulder by a strap or loop of thick cord, so as to 
form a portable plane table, on which paper can be pinned 
‘and drawing done 
whilst standing. 
~The map is begun 
by drawing upon the 
“paper a line which 
‘is to be magnetic 
“north and south. 
The board is put 
into position so 
that this line is in 
the real magnetic 
meridian, and as 
the surveyor walks 
about he continu 
ally brings the 
board back to its 
bearings. The map ’ 
Gis made out of Fic, 16,—A Bean ee (From a 
doors; and _ lines 
are drawn upon the paper as soon as the distances are 
measured, without writing down their lengths in figures. 
The measuring is done by pacing, the length of a pace 
having been previously determined by counting the num- 
ber of steps taken to traverse a measured distance, or the 
distance travelled in, say, a hundred steps. With a little 
practice, the pacing becomes steady, and the length of a 
step practically constant. 7 

Angles as wellas lengths may be drawn directly on the 


board, without being measured in degrees. Right angles 
¢ 


H. &G. P. 
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are easily recognised and drawn. To determine and set 
down other angles, the surveyor stands at one end of the 
line to be measured and turns the drawing board until the 
fundamental north and south line coincides with the 
direction of the compass needle. He then points a ruler 
to the other end of the required line and takes a sight 
along it until it lies in the right direction. When this posi-~ 
tion has been obtained, the line can be plotted on the drawing 
paper on the board. 

For greater accuracy in this simple method of making 
maps, two surveyors should work together, and a strong 
tripod stand, such as is used to support a photographic 
camera, should support the board (Fig. 16). Distances 
should be measured by a tape line or chain instead of by 
pacing, and the ruler used to point to the various directions 
should be furnished with a sight at each end. A spirit level 
will show when the table is horizontal, or a steel bicycle ball. 
may be used for the same purpose. 

This method of making maps direct in the field is termed 
plane table survey, from the flat board used. It provides 
a simple and rapid means of surveying comparatively small 
areas, and is largely used by Government surveyors in 
India, though, of course, more precise means of sighting 
and levelling are employed than are possible with the simple 
apparatus here described. 


a 


A 


CHAPTER II 
SPRINGS AND RIVERS 


Permeable and impermeable rocks.—Mark what 
happens when a heavy shower of rain falls upon dry ground. 
If the ground be formed of hard and solid rock, such as 
granite, the rain, after wetting the surface, runs off in all 
directions; some finding its way to the nearest streamlet, 
whence it flows sooner or later into a river, and some finding 
lodgment in little hollows of the rock, where it collects in 
pools which are slowly dried up by wind and sunshine. But 
if the ground, instead of being hard like granite, is soft and 
porous like sand or chalk, the water will then sink into its 
substance, and may even pass out of sight before the sur- 
face of the thirsty soil is thoroughly wetted. Rocks which 
thus allow water to filter through them are said to be 
permeable, while those which refuse to allow the water to 
soak in are said to be impermeable: a bed of sand, for 
example, is permeable ; a bed of clay impermeable. 

It is by no means necessary, however, that a rock, in 
order to be porous and permeable, should be either soft 
like chalk, or loose like sand. Take, for instance, a sand- 
stone, or a hard limestone: these rocks are sufficiently 
coherent to form durable building stones, yet porous 
enough, in most cases, to allow water to drain more or less 

C 2 
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freely through them. The particles of which the rock is_ 
made up are themselves impermeable, but they are so_ 
built together that little spaces, or interstices, are generall 
left between the individual particles, and the result is th 
formation of a rock which, hard as it may be, presents a 
texture approximately like that of a sponge. The water 
trickles between the particles of such a rock, and thu 
gradually soaks through its mass. Close in grain as the 
rock may appear to the eye, it is nevertheless capable, ir 
most cases, of absorbing water; and, hence, stone wher 
freshly taken from the quarry usually holds moisture, known 
to the workman as “ quarry water.” Even when a roc 
offers too close a texture to admit moisture freely, i 
commonly happens that it is more or less fissured ; and the 
water which falls upon the rock then dribbles through the 
little cracks, and thus gains ready access to subterranean 
channels, much in the same way as it would if the rock were 
of open texture. 

After a good deal of rain has fallen upon a porous rock, 
its pores become choked with water, and the rock at last 
gets saturated, like a sponge which has been dipped for a- 
few moments into water. If more rain now fall upon the 
rock, it can no longer be sucked in and retained, but will 
flow off the damp surface, just as it would from the surface 
of an impermeable rock. 

Arrangement of layers of rock.—Suppose a layer 
of a porous substance to rest upon a bed of comparatively 
impervious rock; it 1s easy enough to see what, in such 
circumstances, will become of the rain which falls upon the 
surface. Let Fig. 17 illustrate such a case. Here the 
light part of the ground cut away represents a permeable 
rock, say beds of sand, whilst the lower shaded portion 
indicates an impermeable rock, say a stiff clay. It is 
supposed, in a figure such as this, that the rocks in 
question have been cut through so as to expose clean-cut 
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surfaces, and hence such diagrams, which are constantly used 
‘in writings on the structure of the earth, are termed sections 
(Figs. 17-19) Natural sections are agdante exposed in, 

tiver-beds, sea-cliffs and inland valleys ; ; whilst artificial 
‘sections are seen in wells and shafts, in mines and quarries, 
id especially in railway cuttings. A good general notion 
f the character of the rocks forming a given country may 


Dic. 17.—Section showing permeable upon impermeable layers of rock, and the 
: formation of a simple spring by this arrangement. 


often be gained, during a railway journey, by observing the 
cuttings along the line. 

_ It is clear that when rain falls upon the surface shown in 
Fig. 17, it will be readily absorbed, at least if the sandy rock 
be dry, and will gradually sink lower and lower until it 
reaches the bottom of the porous bed. Here it comes in 
contact with the surface of the clay, and, as the clay refuses 
to absorb the water, its downward course is arrested. Should 
the surface of the clay present irregularities, the water which 
has percolated through the sandy bed will lodge in the 
hollows, as at G. But when such cavities have become 
filled, the water with which the rock is charged will flow 
; 
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over them, and continue to run down in whatever direction — 
the rocks may chance to slope. 

- Formation of simple springs.—It rarely happens 
that the successive layers of rock, or as they are technically _ 
called strata,! exposed in any given section are perfectly 
horizontal, or 
spread out with 
flat surfaces, like 

the surface of 
of flint-pebbles j 
Pebble-gravel piece of stillg® 
% VP ie of fints water. Generally 


Fic. 18.—Section south of Bushey Station near Watford. the beds slope or 
(Whitaker. incline in a de- 


finite direction, 
and this slope is technically termed the dip (Fig. 19). 
If then we read in a scientific description of a given 
section that “the strata dip 30° S.W.” it means simply 
that the layers of rock slant in a south-westerly direc- 
tion, and make an angle of thirty degrees with a perfectly 
horizontal surface. Thus, in Fig. 17 the dip is shown 
by the general direction of the line CD, and its amount 
may be measured by the inclination of this line to the 
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Fic. 19.—Cutting at Chislehurst Station, South Eastern Railway: (Whitaker.) 
1, Pebble gravel; 2, Clay with shells; 3, Bluish-grey ley i 3 4, Sand with 


pebbles ; 5, Green loam ; 6, Green sand ; ; 7, Whitish sand ; 8, Buff sand. 
horizon ; that is, by the angle which the line C D makes 
with the top or the bottom edge of the page, when these 
edges are horizontal. Now when the water, having per- 
colated through the sandy rock, has reached the junction 


1 Stratum (plural strata) from the Latin stratum, signifying that 
which is extended or spread out. 
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represented in section by C D, it flows down this plane in 
the direction of the dip, and escapes at the first outlet, 


| 

- 

_ Fic. 20.—A spring formed at the junction 
of permeable and impermeable rock. 


as at D. Such a flow 
of water thrown out 
from a rock constitutes 
a spring. Springs of 
this simple character, 
which issue at the junc- 
tion of permeable and 
impermeable strata, are 
extremely common. 
Horizontal and in- 
Clined strata.—From 
the case hitherto con- 


sidered, namely, that in which a os rock rests upon 


one that is not sen- 
-sibly~ porous, it is 
desirable to advance 
to the case in which 
the porous material 
is not only supported, 
but is also covered, 
by an impermeable 
stratum; the pervious 
substance being thus 
inclosed between two 
impervious beds, one 
forming its floor and 
the other its roof. 
Thus, the sandy 
stratum B, in Fig. 21 


i Fic. 21.—Section showing horizontal layers of 
= supported by Ue. rock, B, permeable; A and C, impermeable. 


bed of clay, C, and 


covered by another, A. So long as the strata remain in 
the horizontal position here represented, the rain which 
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falls upon the surface of A is effectually prevented from 
reaching the porous material B, save only through any 
cracks which may happen to run through the upper bed. 
Though the material of B may be as porous as a 
sponge, not a drop of water can reach it, so long as 
the waterproof roof remains sound. But the case is ex- 
tremely different when the beds are inclined, as represented 


Fic. 22.—Inclined strata :-A and C, impermeable ; B, permeable. Rain which falls 
on B finds an outlet as a spring at D. 

in Fig. 22. Here are three beds, in the same order as those 
previously described, but dipping at a slight angle. The 
porous bed B is exposed at the surface, or as a geologist 
would say ‘crops out.” Rain falling upon the ground 
A B Cis thrown off by the two clay beds A and C, but is 
absorbed by the outcrop, or exposed surface, of the sandy 


stratum B. This absorbed water, whether directly falling — 


upon B, or drained off from A, runs down in the direc- 
tion of the dip until it reaches an outlet, whence 
it issues as a spring. If a valley should cut through 
the beds, and have its bottom below the water-level, 


} 
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springs will be thrown out along the sides of the valley, as 
= at D. 

4 Fractured strata.—In following the course of a set of 
_ Strata, it is no. uncommon thing for the geologist to find 
q that they come abruptly to an end, that their continuity is 
_ suddenly broken, and that one set of beds abuts upon 
another along a sharply-defined plane. The beds have, 


Fic. 23.—Effect of a “fault” upon the flow and accumulation of underground 
water. 


indeed, been fractured, and have slid one over another. 
Such a fracture, accompanied by displacement of the strata, 
constitutes what geologists call a fault. Thus the set of 
beds represented in Fig. 23 have been broken along a 
plane represented in section by the line D E; and, though 
once continuous, are now dislocated, part of each of the 
beds A, B, C, having been thrown down to lower positions. 
The drainage received by the surface of the porous stratum 
B, on the left of the figure, will flow down until it reaches 
the fault, where it will be prevented from escaping by the 
clay wall of the slipped layer A. If therefore a bore-hole 
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be put down through the original layer, A, to the top 
of C, the water which has percolated through the bed B 
down to this point will be forced upwards by the pressure 
of the water in the surrounding rock, and will therefore 
rise in the hole to nearly the level which it occupies in the 
bed B. Or, in the absence of a bore-hole, the water will 
escape from the saturated bed B, by oozing out at the sur- 
face, near the junction of the adjacent strata. It is obvious, 
from this illustration, that faults must be of great importance 
in determining the position of springs and wells. 
Artesian wells.—It frequently happens that the beds 
of rock, instead of having a uniform dip, slope first down- 
wards and then upwards, so as to assume a basin-like form, 
such as that shown in Fig. 24. . Here it is seen that the 


Fic. 24.—Diagrammatic section across the London basin. 


strata on opposite sides slope in opposite directions, as in- 
dicated by the arrows. Rain falling upon the exposed edges 
of the porous rock B B, will be readily absorbed, and will 
percolate through the pervious material until it reaches the 
bottom of the trough, where it will accumulate, and of 
course be accessible to the boring-rod. If, therefore, a 
bore-hole be put down through the impervious bed A, it 
will tap this reservoir of water, and the liquid will then rise 
to a height dependent on the level of the water in the bed 
BB. The laws which regulate the flow of water under- 
ground are precisely the same as those which regulate its 
flow above ground. The water pent up in the bed B B 
will therefore rush up the tube, and tend to find its own 
level. 


This arrangement of strata in Fig. 24 may be taken to 
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represent, roughly, the disposition of the rocks beneath 
London. The beds in that area have been thrown into a 
trough-like form, and have thus produced what is commonly 
known as the London basin Yet it must not fora moment 


_ be supposed that they lie in a deep hollow anything like 


that of an ordinary domestic basin, or even like that 
represented by the curves in the figure. It is true the rocks 
to the north and south of London slope gently inwards, 
and thus produce a depression, but it is a depression of. the 
very shallowest kind. The inclination is indeed so gentle 
that it can scarcely be shown in a diagram brought within - 
the compass of a page of this book. Hence most diagram- 
matic sections, as already explained (p. 14), are necessarily 
exaggerated, and false notions have thus got abroad as to 
the nature of the London basin. It is only when true 
sections are drawn, having the vertical heights represented 
on the same scale as that of the horizontal distances, that 
its extremely gentle concavity becomes apparent. 

With this caution, we may proceed to examine more 
closely the section in Fig. 24. This may be taken to 
represent an exaggerated section across London, from north 
to south; A representing the London clay, and B in- 
dicating the position of certain underlying rocks called by 
geologists the Lower London Tertiaries which in the neigh- 
bourhood of London are for the most part of a sandy or 
permeable nature. 

When a deep boring is made through the London clay 
down to the Lower Tertiary sands, or still deeper, into the 
chalk, which underlies them in the position represented by 
C C, the water tends to rise in the tube, and may even 
reach the surface and overflow. If the point from which 
the water is tapped be in low ground, as would be the case 


1 The London basin, or area around the metropolis, forms only a 
small portion of the Thames basin. The two are to be kept carefully © 
distinct. 
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with the boring D in the hollow of the London basin, it is 
necessarily at a much lower level than that of the outcrop 
of the beds along the margin of the trough, as at CG 
The water is consequently forced up the tube by the 
pressure of the liquid with which the water-bearing bed is 
charged. When this pressure is sufficient to cause the 
water to flow over the surface of the bore-hole, it pro- 
duces what is 
termed an Arte- 
sian Well. This 
name, however, 
is now commonly 
extended to other 
wells in which the 
water, without 
overflowing, yet 
rises to a sufficient 
height to be eco- 
nomically em- 
ployed. Artesian’ 
wells are of great 
antiquity in the 
Fic. 25.—An artesian well. From 7he Motion of East ; in North- 


Underground Waters, by Mr. C.5S. Slichter, U.S. 
Geological Survey. 


Western Europe 
they were first 
constructed in the province of Artois, in France, whence 
the name Ar¢esian. 

Having explained the origin of ordinary springs and the 
nature of Artesian wells—which in truth are merely artificial 
springs—it is now time to show that springs are the im- 
mediate source of all the fresh water of rivers, except the 
small portion derived from the rain which falls directly 
into it. 

London water supply.—The chalk formation is the 
most important source of water supply in the South of 
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England, but it is not an inexhaustible reservoir. A report 
prepared by Mr. M. Fitzmaurice, chief Engineer of the 
London County Council,! points to a steady and increasing 
shrinkage of the available sources of water in the valleys of 
the Thames and its tributary the Lea. There seems to be no 
doubt that the water level of the chalk below London is 
falling from 12 to 18 in. per annum, and that wells, springs, 
and streams in the catchment basin of the Thames are 
being depleted. The numerous deep wells in and around 
London are abstracting water faster than it can flow in from 
the outcrop, while pumping operations in chalk areas are 
causing neighbouring springs to dry up, and are diminishing 
the amount of water which reaches the Thames from tribu- 
taries. The large and increasing population of London has 
greatly increased the demand upon the water resources, so 
that in 1902 more than 200 million gallons were delivered 
by the water companies every day. About one-fifth of this 
supply was obtained from springs and wells, and the re- 
maining four-fifths were taken directly out of the Thames 
and Lea. 

Source of a river.—lIn seeking the origin of the water 
brought down by a river to the sea, it is necessary to trace 
the river to what is commonly called its “source” (Fig. 26). 
On ascending a navigable river from its mouth, it is observed 
that the size gets smaller, the volume of water becoming less 
and less. Following the many windings of the river we 
observe the stream growing more narrow and more shallow, 
until it ceases to be navigable. The main stream splits up 
into a number of smaller streams, forming the head-waters 
of the river, and it is often by no means easy to say which of 
these streams should be followed up in seeking the true source 
(Fig. 27). Nor does it much matter, for the origin of any one 
of them is much the same as the origin of any of the others. 


1 «« Shrinkage of the Thames and Lea.” Report presented to the 
Water Committee of the London County Council, February, 1903. 
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Although a spring may be called the “ source ” of a river, 
it should be remembered that the quantity of water delivered 
by the spring is quite insignificant when compared with that 
derived from the numerous streams which flow into the river 
at various points along its course (Fig. 29). Every tributary 
helps to swell the bulk of the river by discharging its water 
into the main stream ; yet it does not follow that the river 
is necessarily increased in width by the influx of this water, 


Photo, ; A. W. Taunt. 
Fic. 26.—Thames Head. First Spring. Winter. 


for it often happens that the additional supply is carried off 
by increased rapidity of flow. As the river rolls along, it 
receives a number of these feeders, or affluents,! which 


1 Affluent, from the Latin ad and fluo, ‘‘to flow.” The junction of 
an affluent with the main stream is termed the confluence, or place 
where they ‘‘ flow together.” Thus, the town of Coblenz takes its 
name from the Latin form Cozeflwendia, in allusion to its position at the 
junction of the Moselle and the Rhine, ‘ 


lied 
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empty them- 
selves into the 
river, some on 
one side and 
some on the 
other. 

Right and 
left banks of 
a river.—-It is 
obviously conve- 
nient to have 
some ready 
means of distin- 
guishing the two 
banks of a river. 
For this pur- 


H. W. Taunt. 


Fic. 27.—Seven Springs : source of the Churn. This is 
sometimes regarded as Thames Head, or the 
highest point from which the river rises, 


pose, geographers have agreed to call that bank which lies 
upon your right side as you go down towards the sea the right 


Photo. 


Fic. 28.—Head spring of the Coln, a tributary of 
the Thames, near Andoversford. 


bank, and to 
call the opposite 
side the left 
bank. All that 
you have to do 
then, in order to 
distinguish the 
two sides, is to 
stand so that 
your face is in 
the direction of 
the mouth of the 
river, and your 
back conse- 
quently towards 


its source, when the right bank will be upon your right 
hand and the left bank upon your left hand, 
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River basin.—Rivers flow from high to low ground ; 
hence if the reader were to travel up a river by walking 
, along its banks, 
he would find 
himself continu- 
ally going up- 
hill) - -“Fhe@erae 
pidity with which 
a river flows de- 
pends of course 
upon the amount 
of slope in its 
bed ; where the 
fall is great the 
stream is rapid ; 
where small the 


Photo. - H.W. Taunt. t i 1 
m . 
Fic, 29.—The first tributary of the Thames, about Sthee . ah tik: 
one mile below Thames Head. - What is true of 


the main stream 
is equally true of any one of the tributaries ; the source is 
always higher than the mouth. The tract of country drained 
by a river and its tributaries is called the basin of the river. 
-Thus the shallow depression through which the Thames and 
its tributaries flow is consequently called the Zhames basin ; 
while the deepest part of the basin, that in which the main. 
stream flows, is termed the Zhames Valley (Fig. 30). 
Perhaps the term “basin,” just used, is one which is 
likely to mislead unless properly qualified. It must be 
borne in mind that the hollow at the bottom of which a 
river runs is nothing like the deep hollow associated with 
our ordinary notion of a basin; it is, in fact, so slight a 
depression that it would perhaps be better to speak of the 
“dish ” of a river rather than of its “ basin.” 
Water-parting.—In ascending any hills surrounding a 
river basin many little streams would be met flowing down to 
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feed the affluents of the river. But having reached the 
summit of the hill, and walked on in the same direction, 
you would soon begin to go down-hill, and then meet fresh 
_ streams running in an opposite direction to those you had 
left. These new streams cannot possibly flow into the same 
river, for to do that the water would have to run up-hill. 
_ By following these streams, however, you would find that 
they ultimately flow into a river entirely distinct from the 
first. The high land which forms the divisional line 
between two contiguous river-basins is called the water- 
parting. 
- Instead of ‘‘ water-parting,” some writers employ the 
term watershed; but although the two words originally 
meant precisely the same thing, the latter has become 
rather ambiguous. ‘‘ Watershed ” is a word which has been 


5) 


Photo. H.W. Taunt, 
Fic. 30.—Valley of the Thames from Streatley Hill, Berkshire, 


borrowed from German geographers. The term ‘“ water- 

parting” has been introduced as the English equivalent of 

the German Wasserscheide, or the boundary-line between 

two adjacent river-systems, Such a line has been called 
Hy & Gy Ps p 
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“the summit of drainage”; and in the north of England, 
where it often separates one estate from another, it is known 
as “the heaven-water boundary.” It must be remembered, 
however, that the water-parting is not necessarily the summit 
of a range of hills, like the ridge of a roof. Frequently, 
indeed, the ground is only relatively high; but the water 
easily finds the slope, however small, and runs down it, 
thus showing at once the direction of the water-parting. 

River basins and water-partings of England.— 
A little consideration will show that»water-partings may be 
drawn on a map of any country, so as to divide the entire 
region into a series of river basins. Fig. 31 is a map of 
England and Wales thus completely divided into river 
basins, separated one from another by water-partings, which 
are indicated by dotted lines. All the rivers which empty 
themselves into the sea on the eastern side of England may, 
in this way, be separated from those which run into the 
western seas, and both systems may be separated from the 
southern rivers which open into the English Channel: the 
northern drainage is insignificant. We thus obtain the 
general water-parting of England and Wales, distinguished’ 
in the map by a thick line. This is a sinuous line running 
through Scotland and the north of England, down the Peak 
of Derbyshire and through the Midland counties, till it gets 
as far south as Salisbury Plain. Such a line divides the 
western drainage of the country from its eastern drainage. 
At Salisbury Plain the line splits into two branches, one 
stretching to the east coast and terminating somewhere — 
about Dover, the other striking to the west coast and ter- 
minating at the Land’s End. To the south of this great 
east-and-west line, all the rivers flow into the English 
Channel. This three-branched line consequently represents 
the main water-parting of the country; it is in fact the 
general high-level line of Britain, though it has no direct 
relation to the mountain-systems of the country, 
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Enough has been said, in this chapter, respecting the 
nature and origin of springs, to show that all such sources 


Fic. 31.—River basins and water-partings of England and Wales. 


of water owe their origin, directly or indirectly, to the 


rain which falls upon the collecting ground, and finds its 
| D2 
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way through the pores and cracks of the rocks beneath 
Proximately, the sources of rivers are to be found i 
springs; but, ultimately, it must be traced to rain. It 1 
true the springs feed the river, but it is the rain that feed 
the springs. It will therefore be necessary, in the next 
chapter, to study the formation of rain and_ kindre 
phenomena. 


CHAPTER III 
CLOUDS AND RAIN 


Steam and water vapour.—In travelling by steamer, 
it often happens that on going to that side of the boat 
towards which the wind is blowing the passenger suddenly 
finds himself in a shower of finerain. This artificial shower 
is produced by the steam which issues from the waste-pipe 
being cooled down by contact with the surrounding cold air 
until it is condensed in the shape of drops of liquid. Every 
natural shower of rain is produced by a process of condensa- 
tion similar to this, but carried on in the higher regions of 
the atmosphere. 

It is instructive to observe the dense clouds of steam 
which roll forth from the spout of a kettle of boiling water, 
or from the escape-pipe of a steam-engine. In most cases, 
nothing can be seen close to the point from which the 
vapour issues, and it is only at some distance from this 
point that the white clouds first make their appearance. 
But, since that intervening space lies directly in the path of 
the issuing vapour, it is clear that it must be traversed by 
steam, though the eye fails to detect it. In fact, the steam, 
or water vapour, when pure and uncondensed, is as trans- 
parent, as colourless, and as invisible as the air we breathe 
or the gas we burn. It is only when the vapour is partially 
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condensed, and therefore ceases to be true vapour, that it 
appears in those cloudlike-forms which are popularly called 
“steam” Could you look int 

the interior of a kettle or of a 

boiler from which clouds of so- 

called steam are issuing, you 
would see absolutely nothing in 
the space above the boiling water. 

It is only necessary to boil water 

in a glass vessel, such as a Flor- 

ence flask, in order to observe 

that the steam remains invisible 

until exposed to some chilling 

influence, such as that of a body 
== of cold air (Fig. 32). 

Fic. 32-—-The water vapour inside Moisture in the atmo- 
it escapes from the tube and is sphere.— More or less of this 
cooled, it forms... cloud. of water vapour? of "Steam, / rn qam 

invisible condition, is constantly 
present in the surrounding atmosphere. It rises into the 
air from every exposed piece of water which is warmed 
by the solar heat, just as steam is generated from water 
which is artificially heated. Whether it be evolved rapidly 
with formation of bubbles, as in the ordinary process of 
boiling, or slowly and quietly, as in the course of evapora-— 
tion, the product is the same—namely, invisible water 
vapour. But let the air thus charged with moisture be. 
sufficiently cooled, and its burden of vapour, previously 
unseen, makes its appearance as cloud, or mist, or fog. 

And under certain atmospheric conditions, the condensation 

proceeds further, until the moisture ultimately falls to the 

earth in the shape of rain. Every one knows that if a cold 
object, such as a steel knife, be held in a cloud of steam, 
the surface rapidly becomes covered with drops of condensed 
water ; and the drops of water in a shower of rain have been 
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generated by a similar process of condensation, carried on in 
nature. 

In most cases, the atmospheric moisture passes through 
the condition of visible cloud, or mist, before finally con- 
_densing as rain. Yet it sometimes happens that rain falls 

from a clear and cloudless sky. By local refrigeration after 

sunset, the vapour invisibly diffused through the atmosphere 

is condensed at once into excessively fine drops of liquid 

water, forming the rain called sere’n. But such phenomena 

are rare ; and, as a rule, we may fairly expect the formation 
_ of rain to be preceded by that of cloud. 

Nature of a cloud.—Many opinions have been ad- 
vanced to explain the precise condition in which water 
exists in a cloud. At one time it was commonly supposed 
that a cloud is made up of a vast number of minute vesicles, 
or little watery bladders, which remain suspended in the 
air by reason of their small size and hollow structure. It 
appears probable, however, that the water is merely con- 
densed in a very finely-divided state, its extremely minute 
drops remaining suspended in the surrounding moist air, as 
fine dust would do. Such droplets have, indeed, been 
expressively called ‘‘ water-dust,” and probably each tiny drop 
has formed round a minute speck of dust as a nucleus. It 
is supposed that, in the upper regions of the atmosphere, 
‘the watery cloud-drops are frequently frozen into ice—a sup- 
position strongly supported by the optical characters of 
certain clouds, which appear to be explicable only by the 
presence of a crystalline structure. 

Formation of cloud.—When a current of warm air, 
laden with moisture, rises from the surface of the earth, and 
reaches the higher and colder regions, the uppermost 
portion of the ascending current deposits its moisture in 
visible form, and thus produces a cloud, supported at the 
top of an invisible column. If the temperature fall, or the 
course of the current be arrested, the cloud descends, and, 
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regaining the lower and warmer regions, returns to its 
original state of invisible vapour, and thus becomes 
dissipated. Observe the clouds of steam which issue from 
the chimney of a locomotive engine, and you will see that 
as they float away in the air they gradually disappear. The 
minute particles of water of which they are composed, in 
fact, are speedily converted into invisible vapour, and 
mingle with the atmosphere ; and the drier and hotter the 
air happens to be, the more rapidly does this change take 
place. 

Again, if a current of warm and moist air meet a colder 
current its temperature is reduced, and more or less of 
its moisture is deposited. In Great Britain the south- 
west winds, having swept over the waters of the Atlantic, 
are charged with moisture, and are ready to deposit a 
portion of their freight whenever they are sufficiently chilled, 
as they may be, for example, by meeting a cold east wind. 
Hence, south-west winds act as the chief rainbearers to 
the British islands. 

Classification of clouds.—So fantastic and varied 
are the forms presented by clouds that they seem, at first 
sight, to defy scientific classification. In 1802, however, 
Mr. Luke Howard, an eminent meteorologist, proposed in 
an essay On the Modification of Clouds, a system of nomen- 
clature and classification, which has since been so commonly 
adopted that his terms are frequently used, even in popular 
descriptions of scenery. The international system ! of cloud 
classification now followed by meteorologists is based upon 
Howard’s scheme of nomenclature ; but ten classes of clouds 
are recognised, arranged according to the altitude at which 
they usually occur. Reference to Figs. 33-36 will convey a 
better idea of the typical forms of clouds than could be got 
from any long technical descriptions. 


‘See Mints to Meteorological Observers. Prepared for the Royal 
Meteorological Soctety. By W. Marriott. (Stanford. 1s. 6d.) 
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Delicate white fleecy clouds generally of a white colour 
may often be seen floating in the BPE regions of the 
atmosphere, 
sometimes ar- 
ranged in belts 
running in 
“more or less 
parallel direc- 
etions. Fre- 
quently a cloud 
of this class 
will present the 
‘appearance of 
hair, or feather, 
with its fibres 
St cred WR ee a eee at pecs 
hence it has 
received the name of cirrus! (Fig. 33). The cirrus clouds 
are always lofty, sometimes as much as ten miles above the 
surface of the earth ; 
and, being wafted 
along by currents in 
the upper regions of 
the atmosphere, they 
may often be seen to 
move in a direction 
opposite to that of 
the wind which hap- 
pens to be blowing 
_ Fic. 34.—Cumulus cloud. Reproduced by kind over the surface. 
Be aon Barker. 7 Naira oes gs Very different from 
the cirrus are the well 
known cumulus 2 (Fig. 34), or wool-pack clouds, consisting 
of towering heaps of cloud having a dome-shaped upper 


WN Gzrazismarcunls 2 Cumulus, a heap. 
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surface and a nearly horizontal base. Different again are 
the sheets of lifted fog which are often to be seen extending 
widely in a horizontal 
direction, and are 
known consequently 
as the stratus! (Fig. 
35). The fourth main 
group of cloud forms 
is the nimbus® or 
rain-cloud, defined as 
a thick layer of dark 
clouds, without shape 
and with ragged 
Fic. 35.—Stratus cloud. Reproduced by kind edge, from which rain 


permission from a photograph by Captain 
D. Wilson-Barker. or snow generally 


falls. 

Composite clouds.—It often happens that the clouds 
under observation do not fall into any place in the fore- 
going general classification. Instead of belonging definitely 
to any one class, they may combine the characters of two 
or more groups, and in such cases expressive designations 
are framed by combining the preceding elementary terms. 
Thus, following the international scheme of nomenclature 
from cirrus—the highest type—to stratus—the lowest, we 
have first the compound form cirro-stratus, consisting of 
a thin film of cloud sometimes completely covering the sky 
and at others presenting a formation like a tangled web. 
These clouds, like the cirrus, are made up of minute 
ice-particles (p. 39), since they often produce those coloured 
circles known as halos when they come between us and the 
sun or moon. ‘The beautiful effect of what is known as the 
mackerel sky is due to numerous small globular masses 
or white flakes of the composite form termed cirro- 


1 Stratus, or stratum, a bed. 
2 Nimbus, a rain-cloud. 
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cumulus (Fig. 36). In like manner, we may have strato- 
cumulus, consisting of globular masses, or rolls of dark 
cloud frequently covering the whole 
sky, especially in winter; and cu- 
mulo-nimbus—the thunder-cloud 
or shower-cloud, made up of heavy 
masses which rise in the form of 
mountains, turrets, or anvils, gene- 
rally having a sheet or screen of 
filmy appearance above, and under- 
neath a mass of cloud similar to nim- 
bus. The two remaining forms of 
the international system are termed 
alto-cumulus and alto-stratus, and 
are placed between the cirro-cumu- 
lus and the strato-cumulus. Before 
leaving the nomenclature of clouds, 
it may be useful to remark that the 
term scud is applied by sailors to a 
layer of nimbus cloud which has 
separated into shreds, or to small 
loose clouds drifting rapidly under- 
neath a large nimbus. 

In meteorological reports, it is 


convenient to express approximately Fic. 36.— Cirro-cumulus 
cloud. Reproduced by 


the proportion of sky which, at any kind permission from a 
s 5 : b d photograph by Captain 
given time, 1S covered Yi cloud. D. Wilson- Barker. 


This is effected by using an arbitrary 
scale. Thus, a clear blue sky is represented by a cipher, 
while a sky completely covered or overcast is designated by 
10; the intermediate numbers from o to 10 being used to 
express varying proportions of cloudiness. 

Mist or fog.—It has been shown that, when water 
vapour condenses in the upper regions of the atmosphere, 
it gives rise to the formation of clouds. But, if the con- 
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densation occurs near to the surface of the earth, it produces 
those visible vapours which are known as must or fog. 
Beyond the difference in the place of origin there is really 
little or no distinction to be drawn between a fog and a 
cloud. A fog is a cloud resting on the earth; a cloud is a 
fog floating high in the air. When in ascending a ‘cloud- 
capped’ mountain, we enter the region on which the clouds 
rest, we find ourselves in a dense white fog. But after 
traversing this and reaching the clear summit, perhaps a 


Fic. 37.—Above the rolling mist. From a photograph of fog taken by Mr. A. 
= McAdie on Mount Tamalpais, San Francisco. sf 


thousand feet higher, the fog which we have left below once 
more appears under the guise of a mass of clouds. 
Whenever moist air near the surface of the earth has its 
temperature sufficiently reduced, the moisture may be con- 
densed as mist or fog. Thus fogs almost constantly hang 
over the banks off the coast of Newfoundland, where they are 
produced by the warm moist air which blows over the Gulf 
Stream ! coming in contact with the cold air of the Labrador 
current. In like manner, icebergs are often attended by fogs, 
simply because the mass of ice cools the surrounding air, and 


1 Tt will be explained in Chapter XI. that the Gulf Stream is a body 
of warm water which flows from the Gulf of Mexico in a north-easterly 
direction ; the Labrador current is a body of cold water coming down 
from the north along the coast of Labrador. 
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thus precipitates its moisture. Mountains, again, are fre- 
quently enveloped in mist, since the warm air, on being 
driven up the slope of the hill, becomes chilled to the point 
at which its moisture is partially condensed (Fig. 38). So 
too the position of a river is often marked by mist; and 
this whether the water be colder or warmer than the overlying 
air: in the former case, the air is cooled down by contact 
with the water, and its moisture discharged; in the latter 
case, the warm water yields more vapour than the air can 


be 


4 


Photo. W. M. Spooner and Co. 


Fic. 38.—Mist forming against Ben Lomond. 


retain at the given temperature. The British Isles, washed 
by warm water on their western shores, are peculiarly sub- 
ject to fogs; and, of all places, large towns seated on rivers 
are the most affected, since the artificial heat, coupled with 
the moisture of the air over the river, produces conditions 
favourable to the formation of fogs whenever the air be- 
comes sufficiently cooled. The proverbial London fog owes 
its density and darkness to the smoke, or particles of car- 
bonaceous matter, disseminated through the atmosphere and 
mingled with the partially condensed water. 

Rainfall.—So long as water remains in the state of 
cioud, or fog, its particles are so minute that they hang 
suspended in the air, or mount upwards on the slightest 
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current. But, when these droplets run together, they 
produce drops too heavy for suspension in the atmosphere, 
and are then precipitated to the earth as rain. The rain- 
fall, or amount of rain which falls in any given locality, is a : 
most important element in determining its climate. : 

What does a meteorologist mean when he says, in his 
technical language, that the mean annual rainfall of a place, 
London, for example, is about 24 inches? By such a state- 
ment he means, simply, that if all the rain which falls on 
any level piece of ground at the place during an average 
year could be collected—none being lost by drying up, 
none running off the soil, and none soaking into it—then, 
at the end of the year, it would form a layer covering that 
piece of ground to the uniform depth of two feet. The 
year’s accumulation of rain would thus form a vast mass of 
water. Remembering that an inch of rain represents about 
roo tons of water to the acre, it will be found that every 
acre of land in a place having an average annual rainfall of 
24 inches receives during the year, when the year is neither 
very wet nor very dry, not less than 2,400 tons of water in 
the form of rain. 

Looking at the entire basin of the Thames, it may be 
said that the average rainfall is about 26 inches. Now the 
area of the basin comprises upwards of 6,000 square miles. 
Suppose then that we measured out a square space a mile 
in length on each side, and built upon this base a four-sided 
tower two and a half miles in height, which we completely 
filled with fresh-water ; this enormous column would re- 
present the quantity of water which falls upon the surface 
of the Thames basin in the course of twelve months. And 
it should be borne in mind that every drop of this water 
has at some time existed in the atmosphere as invisible 
vapour. In one sense, therefore, it may be truly said that 
a river has its source in the air. 


British rainfall,—Observations extending over many 


; 
‘ 
‘ 
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years have shown that the mean annual rainfall is by no 
means the same throughout the British Isles. ‘The wettest 
place is Seathwaite, in Cumberland, where the average rain- 
fall is 131 inches, and then, in order, come Killarney, 57 
inches ; Ashburton, Devonshire, 51 inches; Falmouth, 42 
inches ; and Londonderry, 40 inches. The lowest average rain- 
fall is about 23 inches, and among the places which receive 
this amount are Margate and Lowestoft on the East coast of 
England, and Apsley Guise and Hodsock in the Midlands. 

In passing across England from east to west it is found 
that, as a rule, the rainfall increases. The average rainfall 
on the east side is about 25 inches, but among the western 
hills where the Thames takes its rise the fall is as much as 
40 inches. A map upon which the mean annual rainfall 
throughout the British Isles is represented is reproduced in 
Fig. 39 from one prepared by Dr. H. R. Mill, director of 
the British Rainfall Organisation. 

Distribution of rain.—In examining the distribution 
of rain, it will be found to be regulated partly by the 
physical features of the country, and partly by the character 
of the prevailing winds. In the neighbourhood of moun- 
tains, the rainfall is increased, since a mass of moist air, 
when forced up the side of a mountain is chilled, not only 
by the ascent into colder altitudes, but also by the expan- 
sion which it undergoes ; and its moisture is consequently 
discharged. Among our western counties, in the neigh- 
bourhood of hills, the rainfall rises to eighty, or even toa 
hundred, inches, and upwards; while away from hills, 
though still in the west, it is only from thirty to forty-five 
inches. A table-land, or high plain surrounded by moun- 
tains, will generally receive but little rain, since the winds 
which reach it have been more or less drained of moisture 
in sweeping over the surrounding hills. For a like reason, 
but little rain is likely to fall on the lee side of a high hill, 
and many mountains, consequently, have a wet and a dry 
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Fic. 39.—Map of mean annual rainfall of the British Isles, prepared 
Mill, director of the British Rainfall Organisation, » eee ey 
Proceedings of the Institution of Ciyil Engineers, ~ We Gas 
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side ; the wet side being, of course, that towards which the 
predominant winds blow. As regards the influence of 
winds on rain, it is evident that, when air has blown over a 
large expanse of warm water, it must have become laden 
with moisture, which will be readily precipitated on exposure 
to refrigerating influences. Hence, as in Britain, so in the 
greater part of Europe, the southerly and. westerly winds 
bring rain; and most rain falls in the exposed westerly 
parts, such as the coasts of Portugal, Spain, France, Britain, 
and Norway. There are certain conditions, however, under 
which rain is brought to our islands by easterly rather than 
by westerly winds. 

Abundant rainfall.—lIt is in those regions in which 
the sun’s heat is intense, and powerful currents of highly- 
heated air, saturated with water vapour, are raised into the 
atmosphere, that the heaviest rains occur, But the heavy 
tropical rains are usually confined to definite periods—the 
rainy season—and little or no rain falls at other times of 
the year. Thus at the wettest place in the world, Cherrapunji, 
situated on the Khasi Hills, 200 miles north of the Bay of 
Bengal, the average rainfall is nearly five hundred inches, 
half of which is received in the months of June and July, 
and ninety-four per cent. during the six months from April 
to September inclusive. During these months the prevalent 
winds are from the Bay of Bengal in the south, while during 
most of the other six months, the winds blow mostly from 
the south-west. This accounts for the difference between 
the monthly precipitation at Cherrapunji and neighbouring 
places, and also provides an instructive illustration of 
conditions favourable to an abundant rainfall. 

Dry regions.—-The principle that the side of a 
mountain facing a prevalent wind blowing from the sea 
receives a good supply of rain is exemplified in all parts of 

1 Contributions to Meteorology. By Prof. E. Loomis. Chap. III, 
1889. (New Haven, Connecticut, U.S.A.) 
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the world, and there are many cases in which regions, where 
little or no rain falls, owe their aridity to position on the 
leeward side of mountain ranges. Thus, in South America 
the south-east winds, after passing across the continent, 
encounter the Andes and lose nearly all their moisture, so 
that the air which descends on the western side is ex- 
tremely dry, with the result that along the Pacific coast 
there is a narrow belt which is almost rainless. Leh, on 
the leeward side of the Himdlaya Mountains, has an 
annual rainfall of less than three inches, and the annual 
precipitation over the entire extent of Tibet is very 
small. The effect of the Himalayas is intensified, however, 
by the extreme elevation of the Tibetan plateau. The 
desert of Gobi owes its dryness partly to elevation, partly to 
the fact that the prevalent winds come from a desert region, 
and partly to the extensive range of mountains on its south- 
east side. The fact that the average elevation of the 
Sahara is more than 1,500 feet no doubt contributes to the 
smallness of the rainfall over the desert. Other conditions 
which tend to make rainless regions are absence of winds 
and position in the interior of a large continent. 

Forests and rain.—It is persistently stated that where 
forests have been destroyed the amount of rainfall has been 
diminished ; inother words, that a wet climate may be changed 
into a dry one by cutting down the forest trees, or a dry region 
be made a moist one by afforestation. There is, however, 
little ground for this belief. Taking an extensive area into 
consideration, it appears to be conclusively proved that 
forests do not increase rainfall, but they do prevent the 
rain that falls in their neighbourhood from being wasted 
by evaporation. Forest soils absorb more moisture and 
evaporate it less quickly than soils not covered with 
vegetation. When forests are destroyed, the fertile, moisture- 
holding soil which the trees protected often becomes too 
dry to be of any service and is blown away by the wind, 


ates 
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leaving bare rock behind. Hence, though forests do not 
appreciably affect the rainfall, they are of decided value in 
preserving the moisture in the ground. 

Red rain.—A large amount of reddish or yellowish dust 
is occasionally brought down during rainstorms in the early 
months of a year in our islands and other parts of Europe. 
The dust sometimes falls in such large quantities that the 
streets are stained red with it, much to the alarm of people 
who do not understand the cause of the phenomenon. 
Microscopical examination has shown that this red rain 
or blood-rain invariably owes its tint to the presence of 
coloured dust, which in most cases has been brought from 
the Sahara. Fine sand is raised to a great height by one of 
the “dust devils” or whirlwinds of the desert and carried 
to a considerable distance before the particles reach the 
ground. If rain happens to fall through such a cloud of 
suspended dust, much of the material is naturally carried 
down with it, and this produces coloured stains when the 
rain has dried up. 

Rainy days.—-As we recede from the hotter regions of 
the earth either to the north or south, the rainfall, as a rule, 
diminishes, but the number of rainy days in the year in- 
creases ; so that, speaking roughly, it may be said that, 
where the rainy days are fewest, the amount of rain is 
greatest. In temperate regions, the number of rainy days 
varies greatly in different localities, and in different seasons. 
But it is difficult to know exactly what is meant by so vague 
a phrase as a “rainy day.” To secure uniformity among ob- 
servers, meteorologists regard as a “ rainy day,” every day on 
which the rainfall is not less than one-hundredth of an inch. 

From an examination of the records obtained in England 
and Ireland during ihe last twenty years of the nineteenth 
century, Mr. F. C. Bayard has found? that Londonderry 


1 “English Climatology, 1881-1900.” Quarterly Journal of the 
Royal Meteorological Society, January, 1903. 
E 2 
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has the greatest number of rainy days—rain falling on the 
average 243 days in a year—and Weymouth the smallest 
number, 153 days. With the solitary exception of Weston- 
super-Mare, the western stations at which the records are 
kept have more rainy days than the eastern stations. 

Wet and dry months.—Rain may fall in the British 
Isles at any time of the year, but some months are 
notoriously wetter than others. The wettest months, how- 
ever, are not the same at all places. Mr. F. C. Bayard’s 


Rainfall 
in inches 
oO 


Fic. 40,—Rainfall in Thames basin, and avera i i 
; ge daily natural flow of th 
the years 1893-1903. From a report by Mr. M. Picmacnice, i 


examination of rainfall records obtained in various parts of 
England and Ireland has shown that October is the wettest 
month at most places, and April appears to be the month in 
which the rainfall is generally the lowest of the year. No 
districts have their maximum rainfalls in July or September 
so that these may be considered as fairly dry months. Gite 


Ae em 


ill CLOUDS AND RAIN 53 


rainy season may roughly be said to extend over four 
months in the latter half of the year and our dry season to 
be spread over five months in the first half. 

Wet and dry years.—It is matter of common observa- 
tion that the rainfall varies not only in different localities, 
but in the same locality at different times. One year may 
_ be much wetter than another. Thus, taking the whole of 
the British Isles, the driest year in the period from 1866 to 
1902 was 1887, when the average of all the rainfall records 
of the year was about 26 inches. The wettest year was 
1872, with a rainfall of 49 inches, or nearly twice as much 
as‘in 1887. ‘The average rainfall over the principal wheat- 
producing districts of our islands for this period of thirty- 
seven years was 27°5 inches, and the average over the 
principal grazing districts was 41°r inches. A decided 
difference is thus shown in the amount of rainfall over these 
two areas. The average rainfall of the whole country is 
34°3 inches. 

Measurement of rainfall.—It may be useful before 
quitting the subject of rain, to ll aes how the rainfall at 
any given station may be i 
determined. Although 
the operation is ex- 
tremely simple, nume- 
rous kinds of rain-gauge 
have been devised. The 
accompanying figure 
(Fig. 41) represents a 
simple form generally 
used by meteorologists. 
The instrument consists === : = 
of little more than a Fic. 41.—A rain-gauge and measuring jar. 
circular metallic funnel 
for catching the rain, and a vessel for storing it. All 
the rain which falls upon the open mouth is collected, 
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and, when collected, is exposed to very little loss by 
evaporation. The area of the collecting vessel varies in 
different forms of apparatus, the Meteorological Office 
employing a funnel eight inches in diameter. By placing a 
deeper cylinder around the top of the funnel, snow may be 
collected ; but there are great difficulties in making accurate 
observations on a fall of snow. It is notable that different 
amounts of rain will be collected by gauges placed at 
different heights in the same locality; a gauge at a low 
level always reading higher than one above. In all cases 
the instrument must be placed in a freely-exposed situation 
with the top of the rim one foot above the ground and 
quite level. Every morning at nine o'clock, the rain col- 
lected during the preceding twenty-four hours is transferred 
from the collecting can to the graduated measure-glass, 
and its amount accurately recorded. 

Self-recording rain-gauge.—It is often of interest to 
know the amount of rain which falls in a period of less than 
twenty - four hours ; 
and though this can 
of course be deter- 
mined by measuring 
the rain collected by 
a gauge during a 
storm or any short 
period, a more con- 
venient means of 
finding the rate of 
fall is provided by a 
self- recording rain- 
gauge. There are 


Fic. 42.—Standard self-registering rain-gauge, : 
made by Mr. F. L. Halliwell, Southport. : several instruments 


of this kind available, 
but it will be sufficient to refer to the one of which 
the parts are shown in Fig. 42. In this 


instrument 
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the rain from a standard deep-rimmed copper receiver 
passes through a wide pipe to a cylinder in which there is a 
float bearing a vertical rod that raises or lowers a sliding 
pen. As the water accumulates in the cylinder, the float 
and pen rise, the latter recording the rainfall upon a water- 
proof paper chart fixed upon a drum which is kept slowly 
turning by means of clockwork. When the cylinder has 
collected one inch of rain, the cylinder is automatically 
emptied and the recording pen falls down to the zero 
position. Part of a record obtained with one of these rain- 
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Fic. 43.—Part of a rainfali register, made at the “ British Rainfall’ Observatory, 
London, on Feb. 23-27, 1903, by Halliwell’s self-recording rain-gauge. 


gauges at Camden Square, London, in 1903, is reproduced 
in Fig. 43. 
Disposal of rainfall.—Of the rain which falls in any 
given district, part is lost by evaporation and passes 
invisibly into the air; at the same time another part soaks 
into the soil, and this also appears to be lost; whilst part 
again flows off the surface of the ground to lower levels. 
Rain is thus disposed of in a threefold way, but the relative 
proportion between the three parts will vary considerably 
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in different localities, and at different times in the same 
locality. It is dependent on climate and season, on the 
character of the soil, and on the physical features of the 
district. But, whatever the proportion may be, the rain 
which is absorbed by the ground and that which flows off 
the surface will contribute sooner or later to the formation 
of springs and streams. And in this way the rains in- 
directly nourish the rivers, since we have already seen 
that rivers are mainly fed by springs and streams. It 
must, however, be remembered that, independently of the 
effects of evaporation, the quantity of water which reaches 
a river may be less than that which falls in the shape of 
rain upon its catchment basin; inasmuch as some may 
go to feed the springs of other catchment basins. And, 
on the other hand, the quantity of water conveyed by a 
river may be indefinitely greater than that which falls 
upon its catchment basin, if the geological structure of 
the basin is such as to lead the rain from beyond its 
limits into the springs of the river. 
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CHAPTER IV 
NATURE AND ORIGIN OF DEW, SNOW, AND ICE 


Moisture in air.—Atmospheric moisture is frequently 
condensed in other forms than that of rain. If a glass of 
_water recently drawn from a cold spring be brought into a 
warm room, it will be found that the outer surface of the 
glass gradually loses its brightness ; a dimness soon creeps 
over the surface that was previously clean and bright, and, 
before long, drops of water may be seen trickling down the 
sides of the vessel. It is true that certain kinds of glass, 
such as some of the old Venetian, constantly exude moisture, 
or ‘‘sweat,” so that after the surface has been dried it soon 
becomes moist again—an effect probably due to an excess 
of soda in the glass. But the moisture which appears on 
ordinary glass, under the conditions indicated above, is 
clearly due to an entirely different cause, since it is pro- 
duced with equal readiness on glass of any chemical con- 
stitution, or indeed upon a vessel of polished metal. It is 
evident then that the moisture is not derived from the 
substance of the vessel itself; neither is it obtained by per- 
colation through the walls of the vessel, for the metal has 
no sensible pores. The only remaining source of moisture 
is the surrounding medium, or the atmosphere. ‘That 
medium always contains more or less water vapour ready 
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to be deposited upon any object when sufficiently chilled, 
and the necessary refrigeration is brought about by the cold 
water in the glass or the metal vessel. Moisture which is 
thus deposited upon any cold surface, without production of 
mist, is termed dew. 

Dew-point.—The proportion of water vapour that can 
be held in the atmosphere depends principally on the tem- 
perature of the air; the lower the temperature the less it 
retains. If charged so highly with moisture that it can 
take up no more, the air is then said to be saturated. When 
a body of moist air is cooled, the point of saturation is 
gradually reached ; and, when saturated, any further cooling 
causes a deposition of dew: hence the highest temperature 
at which dew forms is called the dew-point. This tem- 
perature may be determined in a variety of ways, but most 
of the instruments used for this determination are based on 
the principle to which reference has just been made. 

Formation of dew.—After sunset, on a clear night, 
the grass and other objects on the surface of the earth give 
off the heat which they have absorbed during the day, 
while the sun has been shining upon them, and their 
temperature is thus gradually lowered. The air in contact 
with these objects is also cooled ; and, as it gets cool, it 
grows less able to retain its moisture, until at length the 
dew-point is reached, when drops of liquid are deposited on 
the blades of grass. Some bodies throw out, or radiate, 
their heat much more freely than others, and dew is there- 
fore precipitated copiously upon such good radiators. Thus 
it may sometimes be seen in a garden that every blade 
of grass is bedecked with sparkling dew-drops, while the 
neighbouring gravel path remains almost dry. The grass 
has parted with its heat, and consequently become chilled, 
more readily than the gravel has cooled; and the dew is 
therefore distilled more abundantly upon the grass than 
upon the gravel. 
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Whatever prevents the radiation or giving-off of heat 
from terrestrial bodies tends to hinder the formation of dew. 
A cloud, for example, acts in this way, since it reflects, or 
throws back upon the earth, the heat which would other- 
wise be projected into space. Dew is therefore most copious 
ona cloudless night. A calm atmosphere also promotes 
the formation of dew, for it is obvious that agitation by 
currents of air must be unfavourable to local refrigeration ; 
while it promotes the evaporation of any dew that may have 
been deposited. 

Source of dew.—lIt was not until the beginning of the 
nineteenth century that so common a phenomenon as the 
formation of dew was thoroughly understood. Observations 
on the subject had indeed been made at a much earlier 
date, but it remained for Dr. W. C. Wells to undertake a 
systematic inquiry into the conditions under which dew is 
deposited. After much patient investigation he published, 
in 1814, his famous essay entitled Zhe Theory of Dew, in 
which he put forward the simple explanation just described. 
The conclusions at which Wells arrived as to the conditions 
favourable and unfavourable to the deposit of dew have 
been substantiated by subsequent investigators, but experi- 
ments by the Hon. Rollo Russell, Mr. John Aitken, and 
others have shown that dew is only partly derived from the 
moisture in the air, much of it having its origin in vapour 
exhaled from the earth, or from the grass or other plants 
on which the dew appears. Moisture is continually being 
exuded by the leaves of plants; and in the absence of 
sunshine or wind it accumulates on the surface as drops of 
water or dew instead of being dried up as it is during the 
daytime. Vapour is also constantly arising from the earth, 
and this contributes to the formation of dew, so that though 
the upper surfaces of stones are not visibly bedewed on a 
clear night, the lower surfaces have often a heavy deposit. 
Ground covered with turf is kept moist even in dry weather, 


60 PHYSIOGRAPHY CHAP. 


and as at night the blades of grass become cooler than the 
earth from which moisture is being exhaled, the vapour is 
condensed as dew upon them. Dew is thus derived not 
only from the general moisture of the air, but from water 
exuded by plants upon which the drops appear, and from 
water vapour exhaled from the ground. 

In tropical climates, the amount of vapour which thus 
arises from vegetation and the ground at night and is con- 
densed into water is very great, so that the writer of old 
time had some justification for his reference to “the mist 
that went up from the ground and watered the whole face 
of the earth.” 

Contraction caused by cooling.—Daily observation 
shows that almost everything gets smaller as it is cooled. 

5 Reduction of temperature, as a 
ae rule, causes the particles of which 
— a given body is composed to be 
brought more closely together, 
and the substance consequently 
shrinks in bulk. Suppose a quan- 
tity of air is confined in a flask 
standing over water or quick- 
silver, as in Fig. 44, and that it 
is found at a given temperature 
to occupy a certain bulk; then, 
on lowering its temperature, the 
air will shrink in volume, or oc- 
cupy less space, so that the water 
or quicksilver will tend to rise in 

== — == the tubeconnected with the neck 
Fic. 44.—Experiment to showthat Of the flask, and thus fill the 
ar cade when waren "4 space which would otherwise be 
left by contraction of the air. 

By careful observation it has been found that the shrinkage 
proceeds with great regularity as the air gets cooler, but 
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there is no need to trouble ourselves at present with the 
law of contraction. 

Now water vapour, such as that present in the atmosphere, 
is a body which may be said roughly to have a constitution 
similar to that of the air with which it is associated. But 
when this vapour is cooled, a limit is soon reached, beyond 
which any further cooling brings about the condensation of 
the vapour as liquid water. In fact, water vapour, or steam, 
differs from fluids like air chiefly in the readiness with which 
it can thus be condensed or liquefied. 

Expansion of water when freezing into ice.— 
Having in this way reduced the vapour to the condition of 
a liquid, it is important to observe the 
effect of still further lowering its tem- 
perature. As the water becomes cooled, 
the bulk of the liquid is diminished. 
With most liquids, this reduction of 
bulk continues until their parts lose 
that freedom of motion upon one 
another which is characteristic of a 
liquid, and the mobile liquid passes 
into a compact rigid solid—ice, It is 
important however to note that water 
and a few other liquids, instead of 
continuing steadily to contract when 
cooled, reach a limit at which con- |. PF ree ge cia 
traction stops and is succeeded by Beale arcane’ pie 
expansion, so that the solid water ac- frozen into ice. 
tually occupies a good deal more space 
than did the liquid from which it was derived (Fig. 45). 
When a waterpipe bursts during a frost, or a jug of water 
cracks as the liquid freezes, we are practically taught that 
water, during the process of solidification, undergoes a large 
increase of bulk. 

Relative weight of ice and water.—By reason of 
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this expansion, a piece of ice necessarily weighs much less 
than an equal bulk of water. If, for instance, a given bulk 
of water, measured at that temperature at which its relative 
weight is greatest, be found to weigh 1,000 pounds, an 
equal bulk of ice will weigh only 916 pounds. Hence ice 
floats readily in water, and floats with about one-tenth 
of its volume above the 
surface. This may be seen 
by dropping a lump of ice 
into atumbler of water, and 
observing how much is 
exposed, and how much 
buried in the water (Fig. 
46). Sea-water is denser, 
or heavier bulk for bulk, 
than fresh water ; and there- 
fore a mass of ice floats 
higher in the ocean, about 
one-ninth of its volume be- 
ing then exposed. Hence, 
Fic. 46.—Ice floating in water. in those huge masses of ice 
which are frequently seen 
floating in the sea and are known as icebergs, the bulk of 
ice which is submerged is about eight times as great as 
that above water. But it must be remembered that the 
proportion of the submerged to the exposed part of the 
total height of the berg will be affected by the shape of 
the mass: and probably, in many cases, the shape of the 
berg is such as to cause it to sink to a very much smaller 
proportion of its total height beneath the surface than 
that represented in Fig. 46. 

Frost flowers.—It must not be supposed that the 
compact hard substance which is produced by the freezing 
or consolidation of water is a solid body without structure, 
like a piece of glass. Look at a’ bedroom window on a 
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frosty morning, and you will probably find that some of 
the moisture present in the room has condensed upon the 
glass and frozen into solid ice; but you will see at once 
that this ice, instead of spreading itself uniformly over the 
surface, has shot out in definite directions, producing 
beautiful branching forms, not unlike the graceful fronds 
of afern. The ice has, in fact, assumed forms which are 
extremely definite in themselves, and are known as crystals. 

Crystallisation.—In the cavities of rocks which occur 
in many parts of Britain, there may be found a beautifully 
transparent substance, of great hardness, which puts on 
very definite shapes. ‘These shapes, as represented in 
Fig. 47, usually look like little six-sided towers, shooting in 
all directions from the rock, and terminated at one end, or 
sometimes at each end, by a short six-sided spire. The 
faces are as smooth and bright as though they had been 


Fic. 47.—Group of rock-crystals. From a Report of the U.S. National Museum. 


_ just polished on the lapidary’s wheel ; while the edges are 
as sharp and straight as though cut by a skilful workman. 
The ancients, who were familiar with these clear and 
colourless solid bodies as they occur in the granitic rocks of 
the Alps, supposed that they were composed of ice; that 
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they were, in fact, nothing but water which had been con- 
gealed by so intense a cold that it was impossible to thaw 


it. And the Greek word for ice (kpvoraddAos, krustallos), — 


thus suggested our term crystal, Even at the present day 
many crystallised minerals are vulgarly called “congealed 
water.” The substance which has just been noted as having 
given rise to the word “crystal” is known as rock-crystal, 
and must be familiar to most readers, since it is used by the 
jeweller for working into ornamental objects, and by the 
optician for the manufacture of those spectacle lenses which 
are said to be made of ‘‘ pebbles.” The term “crystal” is 
now applied to all symmetrical solid shapes assumed 
spontaneously by lifeless matter. 

Sizes of erystals.—Rock-crystal is sometimes found 
in crystals of gigantic size; at other times in excessively 
small specimens. This seems to show that the same species 
or kind of matter may assume forms unlimited in size. 
Specimens of rock-crystal have been found weighing more 
than 1 cwt.; and enormous crystals of this kind occur in 
Brazil, Madagascar, and Japan. Yet this same substance 
may be obtained in crystals so minute as to be seen only 
with the aid of a microscope. Such great variation of size 
in the same kind of crystalline matter has no parallel among 
living bodies. It is true that certain animals and plants, 
placed under very favourable conditions, may increase 
beyond their average size, but this increase is confined 
within comparatively narrow limits. A crystal, however, has 
absolutely no limit to its growth ; it increases in size by 


addition of matter from the outside, and as long as new 


matter is thus presented to it, so long will it continue to en- 
large. A small crystal of alum, for example, suspended in 
a saturated solution of the same salt, gradually grows larger 
by deposition of new alum in a solid form from the 
surrounding medium. ‘This method of growth is therefore 
entirely different from that by which the growth of a living 
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body is effected. It is as though a man could actually 
grow bigger by putting on coat after coat, instead of growing 
by the ordinary process of nutrition from within. 

Crystalline form.—Just as there is nothing distinctive 
about the size of an individual crystal, so there is nothing 
distinctive about the size of the several faces of the crystal. 
A six-sided spire or pyramid of rock-crystal may have one 
face very large, and the next face so small as to be little 
more than a mere line. Size of crystal and size of face thus 
count for nothing, but what does tell for something in 
studying crystals is the slope or inclination which one face 
has to another ; in other words, the angle made by two 
neighbouring faces. A set of faces symmetrically related, 
such as the six faces of the prism of rock-crystal, is called 
technically, a crystalline form ; and the faces of any given 
form, however irregular in size and shape, are always inclined 
to one another at the same angle. 

Snow crystals.—Although it is not every substance 
that can assume these regular forms, yet by far the larger 
number of bodies, including water, are capable of crystal- 
lisation. When water solidifies by reduction of tempera- 
ture, the particles group themselves in definite directions, 
and thus produce regularly shaped solids, closely related to 
those of the rock-crystal. In fact the forms of ice and the 
forms of rock-crystal are characterised by the same kind of 
symmetry ; a symmetry which is such that each crystal may 
be divided into six similar parts. The best examples of 
this hexagonal symmetry in solid water is furnished by 
crystals of snow. 

If the air during a snow-storm be still, each flake that 
falls will be found to exhibit a regular shape. A _perfectly- 
formed snow-flake is, in fact, an exquisite little crystal ; but 
it commonly happens that a flake is made up of several of 
these crystals grouped together. Some idea of the beauty 
and variety of snow-crystals may be formed by reference to 
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Fig 48, which represents a few of the shapes photographed 
by Mr, W. A. Bentley, of Jericho, Vermont, U.S.A. More 
than a thousand different shapes have been photographed 
by Mr. Bentley, and no two of them are alike ; but various 
as these are, they are all characterised by the same kind of 
symmetry. Some of these snow-crystals are simply solid 
rods or flat scales, each with six sides ; others are six-sided 
pyramids, but the most common form is that of little SIX- 


Fic. 48.—Snow crystals. From photographs by Mr. W. A. Bentley. 


pointed stars variously modified. Each star has an icy 
centre as a nucleus, from which six little spicules or rods of 
ice are shot forth at regular angles; and from the sides of 
these rays, secondary rays, or raylets, may be given off at 
the same angle, thus producing complex stars of great 
beauty, but, in spite of their complexity, always true to the 
hexagonal symmetry of the system to which ice belongs. 
Each part of the pattern is repeated round the centre 
six times, as is generally the case with the beautifully 
symmetrical shapes seen in a common kaleidoscope, 
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Ice flowers.—Although ice does not ordinarily exhibit 
well-defined crystals, it is nevertheless built up of crystalline 
particles interlaced together. This beautiful architecture 
can be revealed by submitting a block of ice to the action 
of a sunbeam, or even to a beam of electric light. Part of 
the heat enters the solid, and produces internal liquefaction, 
which proceeds with great regularity. Small shining points 
first appear in the ice, and 
around each of these points, as 
a centre, six rays shoot forth, 
producing figures such as 
those represented in Fig. 49. 
These beautiful forms, which 
commonly resemble blossoms 
with six petals or floral leaves, 
are not solid crystals, like our 
crystals of snow, but are simply 
hollow spaces of regular shape 4 ay Ce ean 
filled with water; they may slab of melting ice. 
indeed be called “negative ” 
or “inverse” crystals, developed by the breaking down or 
“ decrystallisation ” of the ice. 

Snow and sleet.—When there is much wind astir, the 
snow falls in shapeless masses, or even in small hardened 
pellets. If the snow-flakes become partially melted in their 
descent by falling through a layer of warm moist air, they 
produce what is called sleet. The largest snow-flakes fall 
when the temperature is near the freezing-point, and the 
smallest when the temperature is very low. It need hardly 
be said that snow is much lighter than rain; it is usually 
estimated at about one-tenth the weight of an equal bulk of 
water, but this proportion varies, of course, with the degree 
of compactness of the snow. In meteorological measure- 
ments, one foot of snow is taken as equivalent to one inch 
of rain. The loose texture of snow renders it an extremely 
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bad conductor of heat, and a fall of snow thus acts like a 
mantle of fur thrown over the earth. The air entangled 
in the snow not only confers upon it this valuable property, 
but it also gives the snow its opaque white appearance, so 
different from the transparency of common ice. The light, 
instead of penetrating the snow, is thrown back from the 
ice-walls of each little air-cell or cavity, and thus becomes 
scattered, the snow losing its transparency; just as the 
foam of the sea becomes opaque white, by the light being 
scattered from the particles of water separated by air- 
spaces. 

Perpetual snow.—When snow falls upon a mountain 
in winter, it may lie there unmelted until the warmth of 
summer returns to thaw it. But, if the mountain be very 


Fic. 50.—Height of the snow-line in various latitudes. 


high, the summer-heat may never be strong enough to melt 
all the ice on its top, and the top will therefore be enveloped 
in perpetual snow. A line drawn at the level above which the 
snow never melts is called the snow-line (Fig. 50). Onthe 
north side of the Himalaya Mountains this line is 16,600 feet 
high ; that is to say, all the snow which falls below this 
height is melted in summer, but all above remains unmelted. 
In the Andes of Peru the limit of perpetual snow is about 
15,500 feet ; but in passing northwards or southwards from 
these hot regions, we expect to find the snow-line descend- 
ing ; in the Swiss Alps, for example, it comes down to about 
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8,500 feet above the sea. Still farther north it reaches yet 
lower, and in the Arctic regions descends to the very sea- 
level ; the winter’s accumulation of snow is never completely 
melted by the summer sun, and the snow consequently lies 
on the ground all the year round. 

Structure and formation of hail.—Snow is not 
the only solid form in which atmospheric moisture is pre- 
cipitated. Occasionally, during a thunderstorm, it takes 
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Fic. 51.—Hailstones collected at Richmond, Yorkshire, after a thunderstorm in 
July, 1893. Reduced to one-half actual size, linear measure. 


the shape of hail, which consists of hard masses of ice 
varying in size from the smallest shot to pieces several inches 
in diameter. These hailstones are in some cases perfect 
spheres, as though the drops of rain had rapidly congealed 
while falling. When broken open, a hailstone occasionally 
exhibits crystals shooting out from the centre in all directions 
towards the surface ; but it is more usual to find a number 
of layers of ice, some clear and some opaque, coating a 
nucleus around which .they appear to have been frozen in 
definite succession (Fig. 51). As a rule, hail falls in summer 
rather than in winter, and in the day rather than in the night. 
The origin of hail is still obscure, but it is probably formed 


70 PHYSIOGRAPHY CHAP. 


by the freezing of rain-drops which have been carried up 
into colder regions of the atmosphere by strong currents. 
This action may occur several times in succession, and so 
produce the concentric structure of hail frequently seen. 
Soft hail or graupel falls in winter and is probably formed 
from snow. 
Frozen vapour.—There is yet another form of atmo- 
spheric precipitate that needs a passing notice. If the 
temperature be- 
fore dewfall 
should sink be- 
low the freezing- 
point, the ‘mois- 
ture which 
would under or- 
dinary condi- 
tions be deposit- 
ed as dew takes 
a solid form, and 
is then known 
as hoar - frost 
(Fig.52). Blades 
of grass, and 
other objects 
cooled by freely 
throwing off their 
heat into space, 
Photo. aa ee Al. WW. Taunt. ie become 
Fic. 52.—Frost on foliage. es coated with deli- 


5 cate icy crystals 
instead of dew. The hoar-frost is, in fact, not dew which 


has been frozen after it was formed, but moisture precipi- 
tated in a solid form from the atmosphere when the 
temperature is below freezing-point. 


Various forms of precipitation of moisture.—In 
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one or other of the forms described in this and the pre- 
ceding chapter, all atmospheric moisture must be pre- 
cipitated. It is not however always easy, nor is it by any 
means necessary, to distinguish between these several forms, 
and they are therefore practically massed together under the 
general head of “rainfall.” If then it is said that the rain- 
fall of a region is twenty-six inches, what is meant is that 
the total quantity of atmospheric moisture precipitated 
within that area—adding together the rain and the snow, 
the hail and the dew—amounts in the course of an average 
year to a depth of six-and-twenty inches spread uniformly 
over the surface. 

Invisible water vapour.—In whatever shape water 
may be thrown down upon the earth—whether as rain or 
dew, as snow or hail—it must, at one time, have existed in 
the state of invisible vapour diffused through the atmo- 
sphere, and not to be distinguished from the air itself. 
However dry the air may appear to be, it always contains 
more or less of this moisture. Though not recognised by 
the senses, its presence is readily revealed by the behaviour 
of certain substances which greedily absorb moisture, and 
are consequently said to be hygroscopic.' Oil of vitriol, 
or sulphuric acid, for example, is one of these hygroscopic 
substances. If a bottle of this corrosive liquid be left 
without its stopper, it will be found that, after a few hours’ 
exposure, the bulk and weight of the liquid have sensibly 
increased ; indeed, a pound of oil of vitriol may in this way 
become two pounds in the course of a few days. This 
increase of weight is due to moisture absorbed from the 
surrounding air, and, after exposure, the acid is consequently 
found to be weaker. When the air is damp, the increase of | 
weight is rapid; when dry, the increase is but slow. Yet 
the liquid can never be exposed, even to the driest air, 
without absorbing some amount of moisture, however small. 


1 Hygroscopic, from typos, hugros, moist. 
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It is clear, therefore, that the atmosphere must always contain 
aqueous vapour. Nor is it necessary to seek far for its source. 

Origin of atmospheric moisture.—The damp towel 
on which you have just wiped your wet hands does not 
hang long on the towel-horse before it becomes dry again ; 
the water left forgotten in the flower-vase a week ago has 
completely dried away. In such cases the water passes 
imperceptibly as vapour into the surrounding air by a 
process termed evaporation. It is a quiet process, very 
different from the noisy production of vapour during 
ebullition, or boiling; yet the same in its ultimate result. 
The general process of converting a liquid into a vapour, 
by any means whatever, may be called vaporisation ; and 
two modifications of this general process may be dis- 
tinguished—evaporation and ebullition. Whilst ebullition 
takes place only when the liquid undergoing vaporisation 
reaches a definite temperature, called its boiling-point, 
evaporation is a permanent process going on at all times and 
in all places. Every piece of open water, from the narrowest 
stream to the broadest sea, is constantly giving off vapour in 
greater or less volume. More vapour will pass into the air 
on a hot than on a cold day; yet, on the coldest day, the 
process of evaporation is simply slackened, not stopped. 
Even a piece of ice, exposed to air at the freezing-point, 
gradually diminishes in size, showing that vapour is given 
off from the frozen surface. A fall of snow may evaporate, 
just as a shower of rain is dried up, but the process is 
immeasurably slower. It is therefore by no means difficult 
to account for the water vapour in the atmosphere. And 
it should be remembered that, in addition to that which 
reaches the air by direct evaporation from river, lake, and 
ocean, there is a good deal of water thrown into the atmo- 
sphere as vapour by the agency of living beings, exhaled from 
the leaves of plants and from the lungs and skin of animals. 
Decay, and other chemical phenomena, likewise contribute 
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their quota to the moisture of the atmosphere. Evaporation, 
however, remains the principal source of water vapour in 
the air. 

Rate of evaporation.—It need hardly be said that 
the rapidity of evaporation may be materially affected in 
a variety of ways. If you wish to dry a damp object 
quickly, you place it before the fire. ‘Temperature, then, 
clearly affects the rate of evaporation; the higher the 
temperature, the quicker the process, other conditions re- 
maining the same. Again, the amount of loss by evapora- 
tion is greatly affected by the hygrometric state of the air; 
in other words, by the proportion of moisture already present 
in the atmosphere. If the air were perfectly dry, evaporation 
would be extremely rapid, and the loss correspondingly 
great; if, on the other hand, the air were thoroughly 
saturated with moisture, water exposed to it would lose 
nothing. As a matter of fact we rarely, if ever, experience 
either one or the other of these extreme conditions ; but, 
between these extremes, there are any number of inter- 
mediate states. Every laundress knows that there are 
“good drying days” and bad ones. When there is but 
little moisture in the air the clothes dry quickly; when 
there is much moisture, they dry but slowly. 

Humidity.—It must not be supposed that the proportion 
of moisture in the air is easily estimated by our sensations. 
True, we say that one day is dry, and another damp; but, 
after all, it is not so much the absolute quantity of moisture 
in the air as its relative humidity that determines these 
sensations; that is to say, it is the ratio of the vapour 
actually present to the amount which is capable of existing 
in the atmosphere at the given temperature. The higher 
the temperature, the greater the quantity of water which 
may exist in the state of vapour in the atmosphere ; and 
consequently, on a hot day, the air may seem dry, notwith- 
standing it contains a large quantity of vapour, because 


74 PHYSIOGRAPHY CHAP. 


much more might exist at that temperature. On the other 
hand, if the temperature be low, a small quantity of vapour 
may render the air damp, since it approaches nearer to the 
total quantity which can exist in the atmosphere at that 
temperature. Hence the paradox that, in summer, dry as 
the air may feel, it usually contains more moisture than in 
winter, when it is popularly said to be damper. 
Evaporation affected by wind and surface.— 
Another condition affecting evaporation is the rapidity with 
which the atmosphere is renewed over the water exposed to 
it. Ona windy day a wet pavement soon dries. Still air 
in contact with water soon receives as much, or nearly 
as much, water vapour as is capable of existing at the 
temperature, and thus further loss by evaporation is checked ; 
but when the air is in motion the portions which have 
become charged with vapour are rapidly removed and fresh 
ones brought into their place, which in turn become laden 
with vapour and are carried away to make room for others. 
It need hardly be said, too, that the rapidity of loss by 
evaporation depends on the extent of the exposed surface of 
liquid. Ink dries up quickly in a wide-mouthed inkstand, 
but the same quantity may be preserved much longer in a 
narrow bottle. In fact, the vapour is derived only from the 
exposed surface of the liquid, and herein lies one of the 
great differences between evaporation and ebullition: in 
the rapid process of boiling, bubbles of vapour are generated 
throughout the mass of liquid, while, in the slow process of 
evaporation, the vapour is derived from the surface only. 
The determination of atmospheric humidity.— 
Meteorologists determine the humidity of the air by instru- 
ments termed hygrometers.1. The form of hygrometer 


1 Instruments having names terminating in meter (uérpov, metron, 

measure) are generally more exact in their indications than those termi- 
. / : . 

nated in scape (oxoTwéw, skopeo, to view). Thus a microscope enables us 


to see very minute objects, whilst a mcrometer enables us to measure 
them, 
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now commonly used by meteorologists is known as Mason’s 
dry and wet bulb thermometers, a name sufficiently descrip- 
tive of its construction. It consists, in fact, of two thermo- 
meters, placed side by side, 
as represented in Fig. 53; 
one of the instruments has 
its bulb free, whilst the other 
is covered with soft muslin, 
which is connected, by means 
of strands of cotton, with a 
small reservoir of distilled 
water : the thread constantly 
sucks up the liquid, just as 
the wick of a candle draws 
up the melted wax or tallow, 
and the bulb is m_ this 
way constantly kept moist. 
Whenever a body passes from 
the state of liquid to that of 
vapour, heat is absorbed: 
hence a little water dropped 
upon the hand gives rise to 
the sensation of cold as it 
evaporates ; a sprinkling of 
eae de Cologne, or other Beret Bey wad wet bulb 
liquid containing spirit of thermometers. 

wine, produces greater cold, 

since it is more volatile than water and dries up much more 
rapidly ; a little ether, again, being still more volatile, reduces 
the temperature yet lower. The evaporation of the water from 
the wet bulb therefore lowers its temperature, and the more 
rapid the evaporation the greater will be this difference of 
temperature between the wet and the dry bulbs. If the 
air were saturated with moisture there could be no evapo- 
ration, and consequently the two thermometers would 


My ole. 
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stand exactly alike. When, on the other hand, the air is 
very dry, evaporation becomes exceedingly rapid, and the tem- 
perature of the wet bulb consequently falls much lower than 
that of the other. From a comparison of the temperatures 
shown by the two thermometers, the dew-point, relative 
humidity of the atmosphere, and the quantity of vapour in a 
given volume of air, can be determined by simple methods 
of calculation. 

From what has been advanced in this chapter, it is evident 
that more or less water vapour is always to be found in 
the atmosphere ; its presence is constant, but its proportion 
variable. It may perhaps be said that the air of England 
contains on an average something like 14 per cent. of 
aqueous vapour. This vapour is intimately associated with 
the other constituents of the atmosphere, all being gaseous 
bodies existing in a state of mechanical mixture. 

Natural distillation of water.—When the tem- 
perature of the atmosphere is sufficiently reduced in any 
given locality, the water vapour which it contains con- 
denses as a liquid, while the other constituents retain their 
gaseous state. The liquid drops of water thus condensed 
as rain are said to be distilled. In fact, the process carried 
on in nature is precisely similar in principle to the aftificial 
process of distillation. If it is required to distil a liquid, 
the liquid is evaporated in a boiler, and the vapour con- 
ducted to the condenser, where it becomes sufficiently 
cooled to be deposited in drops. The natural process is 
effected, not by boiling the water over a fire, but by the 
heat of the sun, which quietly steals vapour from every 
exposed piece of water, and the vapour thus raised into the 
atmosphere is ultimately condensed as drops of rain. In 
artificial distillation, any solid matter which happens to 
be dissolved in the original liquid will be left behind in the 
boiler, and the liquid consequently distils over in a state of 
purity, excepting so far as it may be contaminated by the 
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presence of volatile matters. Just such a purification of 
water is effected by the natural process of distillation. The 
sea, which covers so large a proportion of the earth’s sur- 
face, offers a vast exposure of salt water to the heat of the 
sun; yet the salt is left entirely behind and nothing but 
pure water evaporated. Fresh water is thus being constantly 
distilled from the briny ocean. 

The waters of earth and sky.—Thus, in seeking for 
the sources of rivers, we are led from the springs of the 


Fic. 54.—Vapour evaporated from sea or other water surfaces forms clouds, which 
are condensed as rain, that eventually reaches the sea through rivers. 
earth to the rain of the heavens; and from this to the water 
vapour which forms part of the atmosphere ; and thence to 
the great caldron, the ocean, whence the heat of the sun 
distils that vapour. ‘The waters of the earth thus move in 
a continued cycle, without beginning and without end. 
From rain to river, from river to sea, from sea to air, and 
back again from air to earth—such is the circuit in which 
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every drop of water is compelled to circulate. The observer, 
who looking down upon a river watches the fresh water 
hurrying onward to the sea, must remember that the sea is 
not its resting-place, but that most of what he sees, perhaps 
all, will be distilled afresh and return to the earth in showers 
which may enter into the stream again; or swell the 
affluents of some river on the other side of the globe; or 
be secreted for untold ages in subterranean reservoirs. In 
the words of a wise man of old—“‘ All the rivers run into 
the sea: yet the sea is not full; unto the place from whence 
the rivers come, thither they return again.” 


CHAPTER V 
COMPOSITION OF THE ATMOSPHERE 


Rust.—Every one is familiar with the common pheno- 
menon of a piece of metal being eaten away by rust. A 
plate of polished iron or steel, for example, exposed to a 
moist atmosphere, soon loses its brilliancy, gradually be- 
coming coated with a dull reddish-brown rust; and _ this 
process of rusting, once set up, may go on until every 
particle of the original metal has been changed in character, 
But let the same piece of bright metal be preserved in a 
vessel of pure water from which the dissolved gases have 
been expelled by heat, so as to avoid contact with air, and 
it may retain its lustre unimpaired for many years, thus 
suggesting that the air must be directly or indirectly con- 
nected with the phenomenon of rusting. 

Active and inactive air.—Exact observations show 
that when a metal rusts it extracts a certain gas from the 
air, and undergoes an increase of weight. Air in which a 
metal has rusted is thus not of the same composition as, 
ordinary air. It was not until towards the end of the. 
eighteenth century that the compound nature of air was, 
proved by experiments with the liquid metal mercury, . 
commonly called quicksilver. A weighed quantity of this: 
metal was exposed to strong heat. in a vessel containing | 
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about fifty cubic inches of atmospheric air. In the course 
of twelve days, the shining liquid metal was completely 
transformed into the red rust of quicksilver. During this 
conversion, the air diminished in bulk by from seven to 
eight cubic inches, while the mercury increased in weight. 
On plunging a taper into the air which was left in the vessel, 
it was at once extinguished ; and on introducing a living 
animal into it, the creature was suffocated. By strongly 
heating the mercury rust, the gas which had been extracted 
from the air was again released, and the mercury resumed 
its original state. It was obvious from this and other 
experiments that ordinary air consists essentially of two 
constituents—one of which plays an active part in producing 
rust, while the residual gas is inactive and unable to sustain 
life or combustion. The former gas received the name of 
oxygen, and the latter is known as nitrogen,! 

On accurately examining a given measure of atmospheric 
air, it will be found to contain about one-fifth its bulk of 
the gas oxygen and four-fifths of nitrogen. To speak with 
more accuracy, roo volumes of pure air contain 20°8 vols. 
of oxygen and 79°2 vols. of nitrogen. If, instead of a 
given volume, or measure, a given weight of air is examined, 
it will be found that roo parts by weight—whether grains, 
ounces, or pounds—contain 23 of these parts of oxygen 
and 77 of nitrogen. 

Properties of oxygen and nitrogen.—Before pro- 
ceeding to examine more closely into the composition of 
atmospheric air, it may be well to note the characters of the 
two constituents into which it has just been seen that air 
may be resolved. In most of the chemical phenomena in 
which atmospheric air takes part, it is the oxygen which is 
the active agent. A glowing taper bursts into flame when 
plunged into oxygen. In like manner sulphur, phosphorus, 


1 Nitrogen from nitre, in consequence of nitrogen being a con- 
stituent of the salt called nitre or saltpetre. 


— 


if 
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charcoal, even iron-wire, will burn with great vigour in this 
gas, the combustible substances in all cases combining with 
the oxygen to form what are called oxides. Every act of 
combustion in air depends on the presence of oxygen. 


-When a piece of charcoal burns in air, the solid disappears, 


with exception of a little ash; the charcoal has, in fact, 
combined with oxygen to form an oxide which is an in- 


visible gas known as carbon dioxide or less correctly as 
_ carbonic acid, All our ordinary combustibles—such as 


coal, wood, oil, tallow, and wax—contain a large proportion 


_of carbon; and consequently this gas is produced in con- 


siderable volume during their combustion. In like manner, 


‘the respiration of animals depends upon the presence. of 


oxygen in the medium by which they are surrounded, 


whether air or water. _A kind of slow combustion goes .on 


in the body ; and the oxygen, taken into the system through 
either lungs or gills, is in part consumed in the formation 


of carbon dioxide gas, which is expelled through the same 
organs. Oxygen is therefore as needful to support animal 


life as to support flame, and hence it was at one time known 
as vital air. After death, again, the matter which was 
once living is subject to a process of oxidation or slow com- 
bustion, by which it is converted, for the most part, into 
compounds which contain a larger proportion of oxygen. 
Oxygen is therefore essential to the maintenance of com- 
bustion, respiration, decay, and many other natural and 


artificial processes in daily operation. In pure oxygen, all 


these actions would be carried on with undue energy, and 


the nitrogen of the air plays an important part in tempering 
the activity of the oxygen with which it is associated. This 


nitrogen extinguishes flame and it does not support life: 


it kills, not by being absolutely poisonous, but simply by 
excluding oxygen. A fresh supply of air is therefore con- 
stantly required by a living animal, not because the nitrogen 


is deadly, but because the needful oxygen is absent. It 
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should be remarked, however, that nitrogen is a most 
important constituent of living things, though they do not 
absorb this gas directly from the air, 

Carbon dioxide.—lIn addition to oxygen and nitrogen, 
there are other gaseous bodies always present in the atmo- 
sphere. Let a saucer of clear lime-water be exposed to the 
air, and in a few hours the surface of the liquid will be 
covered with a thin pellicle of whitish matter; this is pro- 
duced by something absorbed from the atmosphere, yet 
neither oxygen nor nitrogen produces the effect. It is due, 
indeed, to the presence of the gaseous substance to which 
reference has already been made under the name of carbon 
dioxide ; this gas, acting on the lime-water, forms a solid 
carbonate of calcium, or, as it is more commonly termed, 
carbonate of lime; and it is this white solid substance which 
‘forms the thin skin on the surface of the water. Carbon 
dioxide, which is thus proved to exist in the atmosphere, is 
a compound of two distinct substances—carbon and oxygen. 
The oxygen has been already described; the carbon is a 
solid body abundantly distributed through nature, though 
rarely occurring in a state of purity. In its purest native 
form, it crystallises as the diamond ; in a less pure condition 
it constitutes graphite or black-lead; and, in chemical 
combination with other substances, it forms a large pro- 
portion of coal and of all other ordinary forms of fuel. It 
enters largely, too, into the constitution of all living matter, 
whether animal or vegetable ; and it is left (mixed with a 
greater or less proportion of other substances) when these 
substances are charred or imperfectly burnt, as in coke, 
wood-charcoal, animal-charcoal, &c. 

Sources of carbon dioxide.—During all the processes 
of combustion, respiration, and decay, carbon combines 
with the oxygen of the air to form carbon dioxide, and 
hence this gas is constantly being poured into the atmo- 
sphere. Breathe through a straw into a glass of clear lime- 
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water, and you will see that the liquid becomes milky as the 
carbon dioxide expired or breathed out from your lungs 
bubbles through the previously limpid liquid. If you then 
pour a little vinegar into the cloudy liquid, the milkiness 
immediately clears up, because the acid dissolves the solid 
white carbonate of lime which had been formed by your 
breath. Carbon dioxide is set free by the action of the 
vinegar ; and, if there is enough of the solid carbonate in 
the lime-water, you may actually see the gas escaping in 
little bubbles. This bubbling, or effervescence, is likewise 
produced when vinegar, or almost any other acid, is poured 
upon an egg-shell or an oyster-shell, upon a piece of chalk 
or limestone or marble. All these substances consist, in 
truth, of carbonate of lime, and are decomposed by the 
acid with evolution of carbon dioxide gas. If Cleopatra 
ever dissolved the pearl, as the story tells, or Hannibal 
softened the rocks of the Alps with vinegar, a chemical 
decomposition was effected exactly like that just described. 
In consequence of the gas being thus, as it were, bound in 
various solid substances, its discoverer, Dr. Black, of Edin- 
burgh, bestowed upon it the name of fixed air. <A taper 
plunged into this air is at once extinguished, and an animal 
is suffocated. Hence the great necessity of duly renewing 
the air in dwelling rooms. And it is obvious that, the 
greater the number of people in the room, and the greater 
the number of gas-burners, lamps, or candles alight, the 
more need is there of efficient ventilation. 

Amount of carbon dioxide in air.—As carbon dioxide 
is being constantly produced by such processes as combustion 
and respiration, it is clear that the proportion of this gas in 
the atmosphere must vary locally, being, for example, higher 
in a crowded space than in the open country. The average 
proportion of carbon dioxide in the air may be estimated at 
from 0°03 to o’04 per cent. by volume ; thus ten thousand 
gallons of air will contain between three and four gallons of 

G 2 
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carbon dioxide. . Since the atmosphere is constantly receiving 
vast volumes of carbon dioxide from various sources, it might 
not unnaturally be assumed that this gas would unduly ac- 
cumulate, and at length vitiate the entire bulk of the atmo- 
sphere. Such accumulation is, however, prevented by the 
action of living plants. To show that so small a proportion of 
carbonic acid in the atmosphere as 0°035 per cent. is sufficient 
to supply the vegetable world with its carbon, it is simply 
necessary to calculate the weight of this gas in the atmo- 
sphere resting on a square mile of land. The weight of air 
on this area is about 59,012,997,120 lbs. (or 26,345,088 
tons), and the carbon dioxide which it contains weighs not 
less than 13,800 tons. The weight of carbon in this car- 
bon dioxide is about 3,700 tons. The carbon dioxide, so 
injurious to the animal, is the source whence ordinary plants 
derive the whole of the carbon in their structure. Wood, 
for example, contains about half its weight of carbon; yet 
every particle of carbon in a forest of trees has been derived 
from the gaseous carbon dioxide 
invisibly distributed through the 
surrounding atmosphere. 
Diffusion of gases in the 
air.—Before leaving the subject 
of carbon dioxide, it should be 
remarked that this gas is one of 
great density, being in fact about 
half as heavy again as an equal 
bulk of atmospheric air. It 
might therefore not unfairly be 
assumed that the carbon dioxide 


Fic. 55.—Layers of liquid of : : 
different density. in the atmosphere. would tend to 


settle down in a stratum near the 
ground. If we shake up a mixture of liquids of different 
densities—say mercury, water, and oil—the liquids soon 
settle down, after agitation, in the order of their relative 


v COMPOSITION OF THE ATMOSPHERE 85 


weights ; the heavy quicksilver sinking to the bottom, and 
the light oil floating on the top of the water (Fig. 55). 


_ Such a separation does not however take place when gases 


of different densities are mixed. 

The term specific gravity is used to denote the weights 
of equal bulks of different kinds or species of matter, 
compared with some known standard. Taking air as the 


_ standard of comparison, observations show that if a given 


bulk of atmospheric air weighs 100 pounds, then the 
same bulk of nitrogen weighs 97 pounds; the same 


volume of oxygen rro pounds, and of carbon dioxide 152 


pounds. Hence it might be assumed that the atmosphere 
would consist of three strata or layers (like the mixture 
of quicksilver, water, and oil), with the. nitrogen as the 
top layer, and the carbon dioxide at the bottom. As a 
matter of fact, however, this is not the case. All gases tend 
to intermingle with each other, so that when different gases 
are mixed they soon produce a uniform mixture, in spite of 
differences in their relative weights ; in fact, the particles of 
the heavy gas rise and the particles of the light gas fall until 
they are completely diffused through each other. In conse- 


_ quence of this property, the composition of the atmosphere is 


kept practically uniform, although local variations, within 
narrow limits, may be detected. 

Argon and its companions.—Investigations by Lord 
Rayleigh and Sir William Ramsay led to the discovery of 
several additional gases as permanent constituents of air. 
Precise determinations of the density of atmospheric nitro- 
gen, and of nitrogen prepared chemically from its com- 
pounds, showed that the natural gas was slightly heavier 
than the “chemical” one. This discrepancy was traced in 
1894 to the presence in atmospheric nitrogen of an inactive 
gas nearly half as dense again as pure nitrogen; and this 
new constituent of air received the name of Argon,! Later 


1 q without, epyov, ergon, work. 
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researches with air from which the oxygen and nitrogen” 
had been extracted showed that the residual gas was not 
composed entirely of argon, but contained other inert gases, 
one of which, Helium,! had previously been known to 
exist in the sun, and three new gases, to which the names 
Neon, Krypton, and Xenon were given. Five new gases 
have thus been proved to be permanently present in air in 
addition to oxygen, nitrogen, and carbon dioxide. All the 
new gases are remarkable for their inactive character, 
and they can only be separated from one another with 
difficulty. It is sufficient to regard the new constituents as 
one group of gases present in the atmosphere in the ratio of 
0°937 part by volume to roo parts of air, so that 10,000 
cubic feet’ of air contain about 94 cubic feet of argon and 
its companions. 

Variable constituents of air.—In addition to the 
oxygen, nitrogen, carbon dioxide, and the argon group of 
gases, the atmosphere always contains other constituents, 
but only in subordinate and variable proportions. The 
gas called ammonia, well known as the pungent gas which 
escapes from “spirit of hartshorn,” is constantly present in 
the air, being indeed evolved from decomposing animal and 
vegetable matter. This ammonia is a compound of nitro- 
gen with a gas called hydrogen, which will be considered in 
another chapter; and though it only occurs in minute pro- 
portions of ammonia in the air, it directly or indirectly 
furnishes to plants a large part of their nitrogen, just as the 
carbon dioxide gas supplies them with their carbon. Traces 
of nitric acid, the substance known commonly as aqua- 
fortis, are occasionally found in the atmosphere, especially 
after thunderstorms ; this nitric acid readily combines with 
the ammonia to form nitrate of ammonia, the presence of 
which may frequently be detected in rain water. Syl- 
phuretted hydrogen, an offensive gas given off during 


1 jjAios, helzos, the sun. 
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the putrefaction of animal and vegetable matter, may also 
be often found in the air; and a few other gases are some- 
times present, especially in air taken from the neighbour- 
hood of large towns. Nor should mention be omitted of 
the fine dust particles and organic germs, which con- 
stantly float in the atmosphere, but of which it is beyond 
our present purpose to speak. As to the water vapour, 
which is ever present in the air, it is unnecessary to say 
anything here, since the subject has already been discussed. 

Vapours and gases.—Water vapour differs from the 
other constituents of the atmosphere principally in the ease 
with which it may be condensed or liquefied. Hence it is 
generally called a vapour rather thana gas, Yet there is 
really but little distinction between the two classes of bodies ; 
a vapour being nothing more than an easily-condensible 
gas. Steam, for example, is liquefied by a comparatively 
slight reduction of temperature, or increase of pressure, 
while carbon dioxide and a number of other gases re- 
quire a great reduction of temperature or a great ‘pres. 
sure, or even a combination of cold and pressure, in 
order to assume the liquid form ; and, until recent years, 
several of the gases had resisted all attempts to liquefy 
them, and were termed permanent gases. Prof. J. 
Dewar and other investigators have, however, succeeded in 
converting even the most refractory gases, such as oxygen, 
nitrogen, hydrogen, and helium into liquids, and have even 
reduced them to the solid state. Just as steam condenses 
to water, and water to ice when the conditions are favour- 
able to these changes of state, so by the combination of 
pressure and extreme cold, all gases can be condensed to 
liquids and frozen into solids. At a temperature of about 
350° F.! below the freezing point of water, air is converted 
into a clear, bluish liquid, and if this is subjected to 
greater cold it freezes into a solid, having nearly the same 


1 The meaning of degrees of temperature is explained in Chapter VI. 
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specific gravity as water. Hydrogen gas can be reduced to 
a clear, colourless liquid, about fourteen times lighter than 
an equal quantity of ice-cold water. This liquid hydrogen 
boils at a temperature equal to nearly 432° of frost, that is, 
400° below zero on the Fahrenheit scale, and at a tempera- 
ture of about 30° F. lower, it freezes into a foam-like solid, 
something like snow. The so-called permanent gases have 
thus been shown to be amenable to condensation into 
liquids and solids in the manner typified by the transforma- 
tion of steam into water and water into ice. 

Carbon dioxide and climate.—The atmosphere sur- 
rounding the earth may be compared with the glass of 
a green-house, which permits the bright rays of the 
sun to pass through, but prevents the escape of the dull 
radiations from the heated surfaces below it. -This action 
is due to the carbon dioxide and water-vapour in the air; 
but as the proportion of the latter varies very considerably, 
while the quantity of the former is almost the same in the 
open air everywhere at all seasons, evidently the protective 
action of carbon dioxide gas is of prime importance. If 
the proportion of this gas in the atmosphere could be in- 
creased, the temperature of the ground and of the air 
surrounding us would be raised, and if it were diminished, 
all parts of the earth would become cooler. This conclusion 
appears astonishing when the small proportion of the gas in 
the atmosphere is borne in mind. In ten thousand cubic 
feet of pure air there are only three or four cubic feet of 
carbon dioxide; that is to say, only one-third per cent. of 
air consists of the gas to the protective qualities of which 
we are so much indebted. Tyndall suggested long ago that 
the intensely cold periods of the earth’s history—Ice Ages— 
could be caused by variations in the proportion of carbon 
dioxide in the atmosphere, and more recent investigations 
have given support to this theory. It has been shown that 
a diminution of carbon dioxide to two-thirds of its present 
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amount would probably lower the average temperature of 
the ‘northern regions of the earth by at least 99° F., and 
hence produce the climate of the Great Ice Age. On the 
other hand, an increase to triple the present amount, that’ 
is, to about one per cent. in air, would probably produce a 
rise of temperature amounting to thirty or forty degrees, 
and thus convert the deserts of: polar ice into’ regions 
warm énough for the development of a rich and flourishing 
flora, as they were in former ages. There is thus substantial 
reason for believing that variations of climate in the past 
could have been caused by slight variations in the proportion 
of carbon dioxide in the earth’s atmosphere. 
Atmospheric dust and its effects.—Dust plays an 
important part in the phenomena of the earth’s atmosphere. 
If the air were perfectly free of fine particles of dust, the 
sky would appear as a black firmament upon which the stars 
would be seen shining during both day and night, and the 
sun would stand out as a fiercely glowing disc upon a dark 
background. The blue sky with which everyone who has 
sight is familiar, is due chiefly to the action of dust upon 
the rays of the sun which strike our atmosphere. The dull 
grey colour of the sky in the neighbourhood of large towns 
is caused by the presence of coarse particles of dust; but 
where the dust is finer and less abundant, as in the country, 
the sky is more frequently blue. From the summit of a 
mountain, the sky appears deep blue, or nearly black, 
because there is little dust in the air at great altitudes, most 
of these floating particles being at lower levels. The skies 
of Italy and the tropics have a deeper blue than those of 
Europe on account of the comparative absence of coarse 
water-dust produced by the condensation of water vapour 
upon fine particles. Around our own islands, dust particles 
in the air soon become larger by the condensation of 
moisture upon them, but in warmer countries, the moisture 
in the air remains in the form of vapour, and is not so 
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frequently condensed as a liquid upon the dust. Whenever 
water is precipitated from the atmosphere, particles of fine 
dust constitute the nuclei around which the condensation of 
the vapour takes place. In a dust-free atmosphere, there 
would be no fogs, clouds, rain, or snow; when the air was 
saturated with moisture, water would be deposited upon 
whatever surfaces were in contact with it; it would trickle 
down from our clothes as we walked through the streets, 
and in a moist climate like that of the British Isles, it would 
be practically impossible to keep anything dry either indoors 
or out. 


CHAPTER VI 


Thermometers.—For meteorological purposes, the 
most important instruments are the thermometer and the 
barometer, which indicate the temperature and pressure of 
the air. Warmth and cold appeal to our sensations, so that 
everyone is familiar with what is meant by a change of 
temperature, even without being able to attach a precise 
significance to the term. It is, however, desirable to be 
able to express temperature in definite numbers, especially 
as human feelings are not always to be trusted in the 
estimation of degree of warmth or cold. A thermometer! 
provides the requisite scale by which temperature may be 
measured. 

In its common form, the thermometer is a very simple 
instrument. Mercury, alcohol, or some other liquid fills a 
bulb at one end of a fine glass tube and part of the stem ; 
and the other end of the tube is closed. When the liquid 
is warmed it expands, and so the thread of it in the fine 
bore of the tube becomes longer ; on the other hand, when 
the liquid is cooled it contracts and the thread becomes 
shorter. The expansion and contraction of a liquid sealed 


‘1 Thermometer, from Oepuos, thermos, hot; an instrument for 
measuring temperature, 
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up in a fine tube in this way,-thus provide a means of de- 
termining changes of temperature. For purposes of com- 
parison, however, it is necessary that the marks made on the 
tube or frame around it to indicate different degrees of 
warmth or cold should follow some standard scale of 
graduation. 

Thermometer scales.—The thermometer commonly 
used in this country is graduated according to a plan in- 
troduced by Daniel Gabriel Fahrenheit, a 
native of Dantzic, who settled at Amsterdam 
in the beginning of the eighteenth century, and 
becamé famous asa thermometer maker. On 
the Fahrenheit scale the distance between 
the freezing and boiling points of water is 
divided into 180 equal parts, or degrees, and 
the zero or starting-point of the scale is arbi- 
trarily placed 32 degrees below this freezing 
point. On the Continent another scale is 
commonly used, known as the Centigrade! 
scale, since the distance between the freezing 
and boiling points of water is divided into 
one hundred degrees, ‘The Fahrenheit scale 
is used for meteorological observations in © 
this country, but in almost all other scientific 
investigations the Centigrade scale is adopted. 
As a given temperature is indicated by differ- 
ent numbers on the two scales, they are dis- 

tinguished by the addition of “Fahr.” and 
Fic. 56.—Fahren- _, » : e 
heit (F) and “Cent.” to the readings or simply by the 
Gusions on, initials F. and C (Fig. 56). 
simple thermo- Maximum and minimum thermo- 
meters.—An ordinary thermometer indi- 
cates the temperature at the time of observation, but 
slightly modified forms of the instrument enable indica- 
1 From Latin centum, hundred, and gradus, step or degree. 
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tions to be obtained of the highest or lowest tempera- 
tures since the instruments were last set. In one form 
of maximum thermometer, a small portion of the 
thread of mercury in the stem is separated from the rest 
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Fic. 57.—Maximum thermometer. The detached thread of mercury is pushed 
forward as the liquid expands and is left behind as it contracts. 


of the liquid by a minute bubble of air. When the 
mercury expands on account of an increase of temperature, 
the detached portion is pushed forward ; when, however, the 
temperature falls, the main body of the liquid contracts, but 
the detached thread is left behind and registers the highest 
temperature reached. By holding the instrument bulb 
downwards, the short thread of mercury runs down the 
tube, and the thermometer is then ready again to be set in a 
horizontal position to register the maximum temperature. 
In a minimum thermometer a short black index is 
enclosed in the spirit which fills the bulb and part of the 
stem. The index cannot break through the surface of the 
liquid, so it is pulled down toward the bulb when the spirit 
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Fic. 58.—Minimum thermometer. The short index in the spirit is pulled down as 
the liquid contracts and is left at the lowest point. 


contracts as the result of a decrease in temperature, but 
when increased warmth causes the spirit to expand, the index 
is left behind to register the lowest temperature reached since 
the thermometer was last set. By tilting up the bulb of the 
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thermometer, the index can be made to slide along the tube 
until it reaches the end of the spirit in the stem, and the 
instrument can then again be placed horizontally until 
another observation is made. 

Self-registering thermographs.—Ordinary thermo- 
meters, and also maximum and minimum thermometers, 
indicate the temperature at particular instants, and do not 


Fic. 59.—Registering thermograph. The curved tube, A, is filled with liquid, and 
the changes of volume of the liquid, due to variations of temperature, cause the 
free end of the tube to move up or down. 

give any information as to the general temperature through- 

out the day; that is to say, they do not show the duration 

of any degree of warmth or cold. Continuous records of 
temperature are, however, given by self-registering thermo- 

meters, one type of which is represented in Fig. 59. A 

flattened metal tube a, bent into a curve, is filled with a 

liquid not easily frozen, which expands when heated and 

contracts when cooled. In the thermometers hitherto des- 
cribed, space is left in the tube for the changes in volume 
of the liquid they contain to take place freely. If the 
liquid completely filled the glass tube, then a rise of 
temperature would cause an expansion which would burst 
the tube ; indeed, it sometimes happens that thermometers 
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are fractured in this way, when the temperature exceeds that 
which they have been designed to indicate. The liquid which 
is sealed up in the tube 4 cannot expand freely when it be- 
comes warmer, as it does in an ordinary thermometer ; but 
it makes more room by distending the flattened bent tube, 
and thereby straightening it out slightly ; and conversely, when 
the temperature falls and the liquid contracts, the curve of 
the tube increases. One end of the tube is fixed, but the 
other is free to move, and is connected with a lever having a 
pen at the other end. The pen touches a drum which is kept 
turning by means of clockwork inside it, and usually the 
rate of movement is such that the drum makes a complete 
turn once a week. A sheet of paper having degrees and 
days marked upon it is fastened around the drum every 
week, and the variations of temperature are registered upon 
it by the writing of the pen at the end of the lever connected 
with the flexible thermometer tube. 

Temperature of the air.—To determine the tempera- 
ture of the air, a thermometer must be screened from the 
direct action of the sun’s rays. The sun shining upon the 
earth warms it, and the heat thus received is radiated into 
the air like the heat from the floor and walls of a green- 
house. The atmosphere is only slightly heated by the sun’s 
rays which pass through it on their way to the earth’s 
surface, but the lower layers of air surrounding us prevent 
the escape of the dark radiations from the warmed earth, by 
absorbing their heat. The temperature of the air con- 
sequently depends more on the temperature of the radiating 
surface of land or water than on the direct action of sun- 
light. The earth’s surface may indeed be regarded as the 
radiator of heat into the air, though of course the ultimate 
source of the supply is the sun. On a mountain top, or 
high up in a balloon, the temperature of the air is very low 
even in summer, on account of the greater distance from the 
radiating surface of the earth, and the greater tenuity of the 
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air. The sun’s bright rays strike powerfully upon an observer 
at a great elevation, but at the same time the air is extremely 
cold, because it absorbs but little of their energy, and the 
heat which reaches the earth is confined to lower levels by 
the denser layers of air near the surface. Thus it comes 
about that although the temperature of the air differs very 
considerably at different parts of the earth, a few miles 
above the surface the temperature is always very low, over 
tropical as well as polar regions. The average rate at which 
the temperature falls in ascending from the earth is 1° ¥. for 
an increase of 300 feet in altitude, or about 20° F. per mile. 
From this rate of decrease it is evident that at very great 
altitudes the temperature must be far lower than any 
natural temperature experienced on the earth’s surface. 

Explorations of the upper air.—Records of the 
meteorological conditions at high levels are obtained at 
various mountain observatories, by means of self-registering 
instruments which run continuously for several months at a 
time. The highest of these observatories is near Arequipa, 
Peru, at an altitude of a little more than three and a half 
miles. Balloons carrying observers with meteorological in- 
struments have twice penetrated into the stratum of air five 
and a half miles above the sea, which the loftiest moun- 
tains attain ; and small unmanned or free balloons, ‘carry- 
ing self-registering instruments, have reached an altitude of 
twelve miles, but beyond this no deeper soundings of the 
atmosphere have been taken (Fig. 60). 

Systematic soundings of the air extending over scene 
months have been made by means of free balloons and 
kites in various parts of Europe and America. When the 
balloons lose their buoyancy they fall to the earth, and the 
registers they bear are forwarded by the finders to the 
address given upon them, with a notification of the place of 
descent. As an example of the records. obtained, it ‘may 
be mentioned that a free balloon sent up from Trappes, in 
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France, on March 5, 1903, registered a temperature of 
=—50 C. (-58° F.) at an altitude of six miles, the 
temperature at starting being nearly 10° C. (50° F.). On 
the same day a balloon starting from Strassburg at a tem- 
perature on 63 CL (43°4" FE.) pretend a temperature of 
54 ©. (—65° 
F.) at an altitude 
a little above six 
miles, and one 
from Berlin re- 
corded a temper- 
ature of — 57° C. 
(—7o6 F.) at 
about the same 
altitude. Each of 
the_ balloons thus 
registered from 
ninety to one hun- 
dred degrees of 
frost at an eleva- 
tion of about six 
miles above the 
earth’s surface. 

Kites in me- 
teorology.—The 
greatest altitude : : 

: Fic. 60.—Altitudes attained by kites, men, and 

reached by a kite free balloons. (After Rotch.) 
15 19,360 feet, or 
a little more than three and a half miles, but this was 
exceptionally high. Kites have, however, been used with 
success in determining the meteorological conditions of the 
atmosphere up to an altitude of about three miles. Auto- 
graphic records obtained from self-registering instruments 
attached to a kite sent up from Blue Hill Observatory, 
Massachusetts, on an August day, are reproduced in 

H. & G P. H 
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Fig. 61. It will be noticed that the temperature did not 
fall continuously, the reason being that the kite occa- 
sionally fell a little, and then rose again to a higher level, 
or that currents of air of variable temperature were traversed. 
When the kite was started, the temperature at Blue Hill was 
72° F., but at an altitude of two miles it was 38° F., and the 
velocity of the wind had increased from twenty-two to forty 
miles an hour. 
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Fic. 61.-—Automatic register of altitude and temperature obtained duri i 
ascent from Blue Hill Meteorological Observatory, Mass., ear Bf 


Variations of temperature.—From the results just 
described, it is clear that by rising above any place, regions 
of lower temperature are attained, similar to those usually 
experienced in moving towards polar regions. But the tem- 
perature of the air at any place outside the tropics differs in 
the course of the day and year. The copy of a register ot 
temperature reproduced in Fig. 62 shows the rise during 
the day and fall at night, and the diagram in Fig. 63 
exhibits the annual variations near the equator and at 
London. It will be noticed that at Barbados the tempera- 
ture varies but slightly throughout the year; there are 


¢ 
a 
‘ 


VI TEMPERATURE AND PRESSURE OF AIR 99 


practically no seasonal changes, such as are experienced in 
countries like England, situated in temperate latitudes. 


d 
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Fic. 62.—Part of the register of a Richard thermograph, showing diurnal range of 
temperature in June, 1898, at the “‘ British Rainfall” Observatory, London, 


Land and water temperatures.—The soil in 
northern Europe reaches its highest temperature for the 


Temperature 


Fic. 63.—Annual variations of temperature at Barbados and London. 
H 2 
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year in September, and its lowest in March. Air and 
water are warmest and coldest a month earlier than the 
soil, that is, in August and February. Records obtained 
in many places have shown that the Baltic takes up during 
summer from twenty to thirty times as much heat as the 
land, and the North Sea from thirty to forty times. The 
sea stores up this excess of heat ; its surface does not get 
hot, so that little warmth is imparted to the air by the water 
in summer, but during the cold season heat is replenished 
from below. On land, however, the heat of the sun does 
not penetrate in this way. The soil becomes hot on warm 
days and in warm seasons, and gives off much heat to the 
neighbouring air at the time, but it saves up little heat and 
cools rapidly, with the result that it has no store of heat 
to draw upon in the winter. 

British temperatures.—There is a difference of six 
degrees between the mean annual temperatures of the 
southernmost and northernmost parts of our islands; the 
average temperature of the year in Cornwall being 52° F., 
and that of the Shetland Isles 46° F. The mean annual 
temperature does not, however, decrease uniformly in 
passing from south to north, as may be seen by an ex- 
amination of Fig. 64, in which the white lines connect 
places having the same mean annual temperature, and are 
termed isothermal lines or isotherms. It will be 
noticed that the mean temperature at nearly every place on 
the west coast is greater than at a place in the same 
latitude on the east coast. Anglesey has the same mean 
temperature, 50° F., as the mouth of the Thames, and 
Skye as the mouth of the Tees, though both places on 
the west side are much farther north than the places on 
the east with which they are compared. The difference is 
due to the comparatively warm south-west winds, which are 
more frequent in our islands than winds from other direc- 
tions. In the winter months, these winds and the Atlantic 
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water they bring with them from warmer regions maintain 
the temperature of the British Isles much in excess of the 
degree due to latitude and season, But for this influence, 
the mean temperature of London in the middle of winter 
would be 22° F. instead of about 38° F.; that is to say, the 
winter would be like 


that experienced in ane 
: a6 $—F Shetland is 


the north-west of Ice- 
land, and the winter 
of Edinburgh would 
be as severe as that 
of the south of Green- 
land. 

At most places in 
the British Isles, the 
lowest temperature 
occurs usually in 
January, but a few, 
as, for instance, II- 
fracombe and Sea- 
thwaite, have their 
minimum in Feb- 
ruary. Practically all 
inland places attain 
their highest annual 
temperatures in July; m 
and with few excep- Fic. 64.—Mean ethene for the British 
tions places on the 
coast have their maximum in August. From _ observa- 
tions extending over many years, it appears that the mean 
annual temperature of London is about 50° F., with a mean 


Orkney [§ 


Serlly [8 


1 «©The Mean Atmospheric Pressure and Temperature of the 
British Islands.” By Dr. Alexander Buchan, F.R.S. Journal of the 
Scottish Meteorological Society. Third Series, Nos. XIII. and XIV. 
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minimum temperature of 38° F. in January, and a mean 
maximum of 64° F. in July. The seasonal range of 
temperature represented by the interval between these two 
limits may thus be taken to be about 26° F. 

Distribution of isothermal lines.—An examination 
of isothermal lines of the world, connecting places which 
have the same mean annual temperature, shows clearly that 
other conditions beside distance from the equator determine 
the temperature of a place. If latitude were the only 
determining influence, the temperature of the air would 
decrease at a continuous and steady rate in proceeding from 
the equator toward the poles, but the chart reproduced in 
Fig. 65 shows that this is not the case. Notice, for 
instance, that the belt of greatest heat, the median line of 
which is called the heat equator, does not lie as a band of 
uniform width. extending equally to the north and south, 
but is an irregular strip, with its central line slightly north 
of the geographical equator. This is due to the greater 
amount of land in the northern than in the southern 
hemisphere. The irregular distribution of land and water 
is in fact responsible for the forms of the isothermal lines. 
Far south, where ocean water encircles the earth without 
interruption, the isotherms follow a comparatively regular 
course ; but mark how they are curved, now north, now south, 
where land and water meet in the northern hemisphere. 

A comparison of isothermal maps for January and July 
is even more instructive than the examination of a map 
showing mean annual isotherms. The belt of greatest 
heat lies much farther north in summer than in winter, and 
all the other isotherms are similarly affected. Toward this 
irregular zone of warm air there is a general movement of 
surface winds both from the north and south. The heated 
air rises and flows away as currents in the upper levels of the 
atmosphere, and as these cool they settle down to the earth’s 
surface to blow as relatively warm winds. 
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Weight of air.—When a strong wind blows, we are 
given unmistakable evidence of the real existence of the 
air around us. Everything that can exert force in this way 
must possess weight; though, in the case of gases and 
vapours, this weight is necessarily small compared with 
that of the same bulk of liquid or solid matter. Atmo- 
spheric air is, in fact, about 800 times lighter than an equal 
bulk of water, and as much as 11,000 times lighter than an 
equal volume of quicksilver. Yet the weight of air, small as it 
seems, amounts to something considerable when we are 
dealing with a large bulk, or even with such a quantity as 
is contained in an ordinary dwelling-room. It is found by 
actual weighing that 1oo cubic inches of air, under ordinary 
conditions, weigh about 31 grains; in other words, it 
requires 13 cubic feet of air to weigh a pound avoirdupois. 
Suppose, then, that we have a room measuring 10 feet long, 
to feet wide, and 1o feet high: this will contain 1,000 
cubic feet of air, and the weight of this air will be about 
77 pounds. But the room just taken is a very small one, 
and if the calculation be extended to a large public 
building it will be found that the air which it contains 
weighs more than is commonly imagined. Thus Westminster 
Hall has a length of 290 feet, a width of 68 feet, and a 
height of 110 feet; its contents must therefore be 
2,169,200 cubic feet, and the weight of the air in this hall 
reaches the enormous amount of nearly 75 ¢ovs / 

Atmospheric pressure.—Since air possesses weight, it 
necessarily presses upon any object exposed to its influence. 
The atmosphere forms an ocean of air bathing the entire 
eart’;; and, on the floor of this ocean, man, in common 
with ail terrestrial beings, has his dwelling. Everything 
around us on the earth’s surface must therefore bear the 
pressure of the air above, just as anything on the bed of 
the ocean is pressed upon by the superincumbent water. 
The depth, or rather the height, of this aerial sea has 
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never been determined, but there are reasons for believing 
that the atmosphere extends to at least 100 miles upwards 
from the earth’s surface. Hence it is clear that all terrestrial 
objects must be subjected to enormous pressure. The 
roof of a house, for example, has to bear the pressure of a 
column of air resting upon its surface and extending 
upwards to the limit of the atmosphere. Now it is found 
that our atmosphere exerts on the average a pressure of 
nearly 15 lbs. (14°73 lbs.) on every exposed square inch of 
surface. The roof is consequently pressed upon by a 
weight of many tons. Yet the most delicate structure may 
be freely exposed to the atmosphere without the slightest 
danger of being crushed. This arises from the fact that 
fluids! transmit pressure in a manner entirely different 
from that in which it is transmitted by solid bodies. 
Pressure in all directions.—A solid presses down- 
wards only, but a fluid presses equally in all directions, 
upwards as well as downwards. ‘The air in a room, for 
instance, presses on the ceiling not less than on the floor ; 
and on each of the walls not less than on the ceiling. 
Under ordinary conditions, therefore, the atmosphere has 
no power to crush, because its pressure downwards is 
exactly neutralised by its pressure upwards. Extend your 
hand, and you feel no pressure, though it is certain that 
every square inch of its surface bears a pressure of nearly 
15 lbs., and the entire hand must therefore sustain a very 
large total pressure ; but the weight upon the upper surface 
is counteracted by the upward pressure of the air on the 
under surface, the two equal and opposite pressures 
neutralising each other. Nor is there any tendency for the 
hand to be crushed between these opposing pressures, for 
the air and other fluids in the vessels and various tissues 


1 Fluid, from fluo, I flow ; a term embracing both /zgzzds and gases 
or vapours, since the particles of both classes of bodies flow freely over 


each other. 
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of the body press equally in all directions, so that any 
pressure from without is perfectly counterbalanced by an 
equal pressure from within. The thinnest soap-bubble 
sails safely through the air, though its outer surface must 
sustain a pressure of many pounds; for the air within the 
bubble presses just as forcibly against the inner wall, and 
thus resists the external atmospheric pressure, and effectually 
prevents collapse. In the common toy known as “ Jack 
in the Box” a spring inside the figure presses upwards 
against the lid when tightly shut down; and in like 
manner the walls of a closed vessel containing air are 
pressed outwards by the elastic force of the confined air. 
If the air be removed from the interior of a closed vessel, 
so as‘to leave a space altogether empty or vacuous, the 
pressure of the external atmosphere becomes at once 
evident, since it is no longer counterbalanced by any 
force from within ; a thin glass vessel, for example, may 
easily be shattered by sucking the air from its interior. 
Amount of atmospheric pressure.—iIt is easy to 
measure the amount of this atmospheric pressure by a 
simple experiment, first made in 1643 by an Italian 
philosopher named Torricelli. Take a glass tube, rather 
more than 30 inches in length, closed at one end and open 
at the other ; fill this tube with quicksilver, and closing 
the open end with the thumb, as shown in the right- 
hand tube in Fig. 66, invert it in a basin of mercury 
so that the open end may dip beneath the liquid. It will 
then be found that the mercury falls for a short distance in 
the tube, but a column about 30 inches in length remains 
suspended, as shown in the left-hand tube in the figure. 
Torricelli argued that this column must be supported by 
the pressure of the external atmosphere on the surface 
of the mercury; the downward pressure of the column 
of mercury being exactly balanced by the upward pressure 
of the atmosphere transmitted through the quicksilver. 
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Indeed, if we admit air by making a hole in the top 
of the tube, the column immediately falls, since it is 
then pressed down by the atmosphere above; but when 
the tube is closed there is no atmospheric pressure on 
the top within the tube, for the space above the column 
of mercury is completely empty, or rather contains only 
mercury vapour, whence 
it is called the Torri- 
cellian vacuum. Since 
the column of mercury 
inside is balanced by the 
atmosphere without, it 
follows that if we know 
the weight of the mer- 
cury we know also the 
weight of a column of 
air standing on a similar 
base and extending up- 
wards to the extreme 
limit of the atmosphere. 
Now a column of mer- 
cury 30 inches long, in 
a tube of one square 
inch in sectional area, 
weighs about 15 lbs. ; 
hence it is found, as Fic. 66.—Construction of a barometer. 
before stated, that the 

weight or pressure of the atmosphere is about 15 lbs. on 
every square inch. 

What a barometer measures. —If instead of using a 
dense liquid, like mercury, a lighter one, such as water, is 
employed, it would naturally be expected that the column 
required to balance the weight of the external atmosphere 
would be proportionally longer. As a matter of fact it is 
found that, when waterz is used, the suspended column is some- 
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thing like 33 feet in length: in other words, as water is about 


Fic. 67.—A stan- 


dard barometer. 


134 times lighter than mercury, bulk for bulk, 
the column of water will be about 134 times 
longer than the mercurial column. It was, 
indeed, by observing a body of water raised 
in the suction-pipe of a pump at Florence, 
that Torricelli was led to his experiment with 
quicksilver. In working a common pump, air 
is sucked out of the tube communicating 
with the source of water below, and the 
pressure of the atmosphere then forces the 
water up the pipe in order to supply the 
place of the air which has been removed. 
But, when the pipe reaches a length of 
more than about 30 feet, the column of water 
which it contains balances the atmospheric 
pressure, and consequently if the tube be 
longer than this no more water rises, and the 
pump ceases to act. In seeking to find out 
why water cannot rise higher Torricelli was 
led to make the experiment to which refer- 
ence has been made, and to construct the 
instrument represented in Fig. 66. It is 
called a Barometer.! 

Aneroid barometers.—Various forms 
have been given to the barometer, but with 
the exception of the aneroid 2—an entirely 
distinct instrument, in which the pressure of 
the atmosphere acts upon a thin elastic metal 
case, the movements of which are transmitted 


1 Barometer, from Bapos, baros, weight, and mérpov, 
metron, measure ; an instrument for measuring the 
weight of the atmosphere. 

2 Aneroid, from the privative 4, and ynpds, neros, 
moist. 
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to a dial, or lever—they all depend on the same principle, 
namely, that of causing a column of liquid to be balanced 
against the weight of the atmosphere. Almost any liquid 
may be employed, 
but as a matter of 
convenience, mer- 
cury is the only 
substance in com- 
mon use. 

Though an ane- 
roid barometer 
cannot be de- 
pended upon over 
long periods, it is Fic. 68.—Registering aneroid barometer. 
conveniently used 
as_a self-recording instrument. Several shallow metal boxes 
with thin flexible lids are arranged as shown in the centre of 
Fig. 68. These boxes are entirely or partially exhausted of 
air, so that any increase of atmospheric pressure causes 
the flexible lid to yield slightly inwards, while a decrease 
causes the lid to bend outwards. The movement of the 
lids is communicated to a lever, having at one end a pen 
or pencil which is continually in contact with a revolving 
drum, or is pressed against such a drum by clockwork 
at intervals of an hour or so. 

Use of the barometer.—As the pressure of the atmo- 
sphere in any given locality varies from day to day, and even 
from hour to hour, the indication of a barometer is sub- 
ject to corresponding fluctuations. The great use of the 
barometer, in fact, is to show these changes of atmo- 
spheric pressure—changes which are of vast importance to 
the meteorologist, since they are related to general changes 
in the weather. Not that the barometer forms a ‘ weather- 
glass” as popularly understood : it does not indicate abso- 
lutely the character of the forthcoming weather, and the 
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indications given on the dial of common instruments are 
scarcely of any scientific value. But still, the changes in 
atmospheric pressure point to changes in the winds; and 
these are the prime movers in effecting changes in our 
weather. Hence the readings of the barometer form the 
chief element in the weather-charts and reports issued by 
most daily papers, and the forecasts of weather obtained 
from the Meteorological Office. 

Weather reports.—The weather forecasts issued by 
the Meteorological Office are based upon observations made 
at 8 a.m. and 6 p.m. 
every day at a num- 
ber of stations in the 
British Isles, chiefly 
on the coast, and at 
stations on the Con- 
tinent of “Europe. 
From each of these 
stations the Meteor- 
ological Office  re- 
ceives a telegraphic 
message recording 
the readings of the 
barometer, dry and 
wet bulb thermo- 
meters, maximum 


Fic. 69.—Divisions of the British Isles for weather 


forecasts :— and mini z 
oO. econ Norh. 6. Scotland, West, with eva 3 se 
1. Scotland, East. Isle of Man. mometers, rainfa 
2. England, N.E. 7. England, N.W., with : : L, 
3. England, Kast. North Wales, and in some Cases 
4. Midland Counties. 8. England, S.W., with : : : 
5. Basten’: South, and South Wales. sunshine, with  esti- 
English Channel. g. Ireland, North, ° 
yo! Ircland. Soak: mates of the direc- 


tion and force of the 
wind, and reports of the weather and state of the sea. 
The information thus received is tabulated and charted 


every morning and evening, and from this material 
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forecasts of the weather are drawn up for the twenty- 
four hours following the next noon or midnight, as the 
case may be. For the purposes of these forecasts, the 
British Isles are divided into eleven districts, as indicated 
in the accompanying map (Fig. 69). Many newspapers 
print the forecasts issued on the previous evening for the 
twenty-four hours from midnight to midnight, but the latest 
information as to weather in any district, or the latest fore- 
cast, will be sent by the Meteorological Office to any address 
in reply to a prepaid telegram. 

Parts of the Daily Weather Reports issued by the Meteo- 
rological Office are published in the daily newspapers with 
sufficient explanation to enable them to be easily understood. 
Two charts from the Weather Reports for September 9 and 
10, 1903, are reproduced in Fig. 70. 

Standard pressure.—It should be explained that, in 
all weather charts of the kind here represented, the actual 
reading of the barometer has been reduced to certain 
standards, in order to secure the requisite uniformity for 
comparison. ‘These corrections refer to the height at which 
the instrument is placed, and to the temperature at which 
the reading is taken. It is obvious that the barometer will 
be affected by its height above the sea-level ; for, as we 
ascend, we leave a portion of the atmosphere below us, and, 
consequently, the pressure is lessened and the mercury falls. 
Hence a barometer at the top of a house always reads lower 
than one on the basement ; the instrument is, indeed, often 
used for the approximate measurement of heights. Baro- 
metric readings from different stations cannot therefore be 
compared together until we know at what elevations the 
instruments are situated; one observer may live on high 
ground and another on low, one may have his barometer up- 
stairs and another downstairs. Hence it has come to be 
understood that all barometric readings shall be reduced to 
what they would be if the instrument were at the sea-level, 
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which gives, of course, a fixed datum line. ‘Then, again, 
the barometer needs correction for temperature. Mercury, 
in common with other liquids, expands by heat, and ex- 
pands much more than the glass tube which holds it; 
hence the barometer will rise on a hot day and fall on 
a cold day, although the atmospheric pressure may not have 
changed. It is essential, therefore, that all barometric read- 
ings should be reduced to the same temperature, and the 
standard taken for this purpose is the freezing-point of 
water, or 32° of Fahrenheit’s thermometer. All the figures 
given in the weather charts which appear in the daily 
newspapers are consequently reduced to sea-level and 
to 32° F. 

Pressure charts.—The most striking feature in each of 
the accompanying charts 1s a series of curved lines, which are 
called isobars.! An isobar is simply a line connecting all 
those places which have, at a given time, the same baro- 
metric pressure. Thus the isobaric line, marked 300 in 
the chart for September 9, sweeps in a bold curve from the 
south of Ireland through France. At all points along this 
course the barometer stood at 30’0 inches, as indicated by 
the figures at one extremity of the curve. The next isobar, 
which follows a nearly parallel but more northerly course, is 
marked 29°9 inches, so that between the two lines there is a 
difference of pressure equal to that of one-tenth of an inch 
of mercury. Another isobar stretches across the north of 
Ireland and south-west England, and indicates a pressure of 
29°8 inches ; and there are several other similar curves in- 
dicating pressures differing by one-tenth of an inch until the 
oval curve along which the pressure is 29°3 inches is reached. 
The chart therefore shows at a glance the distribution of 
atmospheric pressure over the area represented, and from 
this we can learn a good deal about the character of the 
winds. Between two successive isobars there is a difference 


1 Jsobar, from toos, zsos, equal ; and Bapos, daros, weight, 
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of pressure represented by one-tenth of an inch of mercury, 
and. the distance between these two lines gives us the 
gradient. This term is familiar enough in engineering ; if 
a railroad, for example, rises one foot for every roo feet of 
distance, the line is said to have a gradient of 1 in 100. 
The gradient is therefore the engineer’s expression for the 
slope of the ground ; in like manner it is the meteorologist’s 
expression for what has been called the slope of the atmo- 
sphere. Only, in talking about meteorological gradients, 


SEPT.10,1903. 


Fic. 7o.—Pressure charts from the Daily Weather Reports of the Meteorological 
ffice for 8 a.m. on September g and 10, 1903. 

it must be borne in mind that the vertical scale is measured 
in hundzedths of an inch of barometric pressure, while the 
horizon’al scale is measured in miles of distance, the unit 
being cne degree, or 60 nautical miles. Hence a gradient 
of 4 means that over a distance of 60 nautical miles the 

. E . 5 1 . ; . is 
barometer rises 745 or 3's of an inch. When, as in the 
accompanying charts for September g and 10, the isobars run 
close together, it shows that the gradient is high, and there- 
fore the winds are strong; if they are wide apart the 
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gradient is low, and the winds are light. The rule is similar 
to that for judging the slope of ground from contour lines, 
as described in the first chapter. 

Barometer and wind.—Although much may be learnt 
about winds by studying the isobaric lines, it must not be 
supposed that the air blows directly from regions of high 
pressure to those of low pressure. A rule known as Prof. 
Buys Ballot’s law, which gives the exact relation of winds 
to pressure, may be thus expressed: ‘‘Stand with your 
back to the wind, and the barometer will be lower on your 
left hand than on your right.” Thus stated, however, the 
law is true only for the northern hemisphere; in the 
southern it will be reversed, the barometer being lower on 
the right hand than on the left. The same principle may 
be enunciated in another form. If you stand with the high 
barometer to your right and the low barometer to your left, 
the wind will blow on your back. The course of the isobars 
in the charts therefore indicates the dévection of the wind, 
just as the. distances between these lines indicate its 
strength, © 

Cyclones and anti-cyclones.—Storm warnings and 
weather forecasts are based upon meteorological information 
collected from many places and charted in the manner 
shown in the figures. When the observations reported by 
telegraph from the various stations are plotted upon a map 
in this way, they are usually found to enclose an area where 
the barometer reading is low or high, indicating a con- 
dition of low or high atmospheric pressure, When an area 
of low pressure is enclosed by the isobars as indicated on 
the charts in Fig. 70, the system constitutes a cyclone. 
If the barometric pressure at the centre of the cyclone is 
very low, and the isobars are close together, strong winds or 
gales are experienced, and in general a cyclonic system 
brings rough and squally weather with rain or snow. 
Where the central area is a region of high barometric 
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pressure, as illustrated at the bottom of the two charts, 
the conditions of an anti-cyclone prevail. The general 
circulation of the wind in this case is in the same direction 
as that in which the hands of a watch or clock move, and 
is thus the reverse of what occurs in a cyclonic system, in 
which the winds circulate in a left-handed or counter- 
clockwise fashion. Other characteristics of an anti-cyclone 
are opposed to those of a cyclone. The weather is usually 
quiet and dry, hot in summer, cold in winter, and when the 
isobars are far apart there is a calm, which may last for 
weeks, whereas cyclones move rapidly across a country, and 
the unsettled weather brought by them is not often of long 
duration. 

Storm warning’s.—If the approximate rate is known 
at which the central depression of a cyclonic system is 
travelling, and also the direction of motion, the time of 
arrival at a spot toward which it is moving may be predicted. 
Over a large country like the United States a cyclonic 
system can be tracked from the Rocky Mountains until it 
passes into the Atlantic on the east coast, so it is often 
possible to predict with confidence when a storm will pass 
over a part of the country toward which it is travelling. 
But there are no stations to the west of the British Isles to 
give us warning of the approach of an atmospheric dis- 
turbance; moreover, when a depression appears it is 
difficult to know its direction and speed, or whether it will 
become more pronounced or will break up. Weather 
forecasting based upon the study of cyclonic or anti- 
cyclonic conditions is thus scarcely a matter in which 
scientific precision and invariable accuracy can be expected 
in our islands. 

A gale.—Consider, for instance, the violent storm which 
travelled over the central portion of the British Isles on 
September 10, 1903, causing enormous damage in its 
passage over sea and Jand. A depression was found 
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to be approaching Ireland on the morning of September 
ro, and at 6 p.m. on the same evening the disturbance 
reached the Irish Sea, having advanced at the rate of fifty 
miles an hour, and a few hours later it had spread over 
nearly the whole of the British Isles. So rapid was the rate 
of progression that at 8 a.m. on the next day, September 11, 
the centre of the storm had reached the north of Holland, 


Fic. 71.—Pressure charts for Sept. 10, 1903, 6 p-m., and Sept. 11, 1903, 8 a.m 
the Weekly Weather Report of the Meteorological Offee, Ee 


as is shown in one of the charts reproduced in Fig. 71. 
During the passage of this gale, the barometric pressure fell 
at the unusual rate of more than one-tenth of an inch per 
hour, and near the mouth of the English Channel the velocity 
of the wind reached nearly seventy miles an hour. The 
trough in the autographic register reproduced in Fig. 73 
indicates in a graphic manner the fall of pressure caused by 
the passage of this gigantic whirl of air over Leamington 
and similar records were obtained at other places. A 
depression of such a decided nature is evidence of an 
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unmistakably bad character, and if the weather fore- 


caster had to deal with disturbances of this kind alone 
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Rainfall record of a heavy rainstorm on September 10, 1903. ‘Lhe chart 
shows that 1$ inches of rain fell in about twelve hours. 
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his task would be easier than at present. 
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logical considerations, so that when indications of the 


approach of a depression are first observed it is impossible 


to state confidently whether it is primary or secondary, large 
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peace at CF mace €6or «€(small, deep or 
| shallow, or whether 
the good or the bad 
elements will obtain 
the mastery. 

Work of wind.— 
The surfaces of rocks: 
are exposed to all 
the variations of at- 
mospheric condition 
described in this 
and the previous 
Ss 8§=6chapter, and are cor- 
pa ® roded by these in- 


Photo. G. W. Wilson, fluences, the general 


Fic. 74.—The Cheese Wring, Cornwall, showing : . ace 
the effect of wind and weather on granite. result of this aérial 


action being termed 
weathering. Violent gales not only uproot trees and 
do other damage on land and sea, but also displace 


Fic. 75.—Sand-dunes between sea and marsh, Penally, South Wales. From IL 
Ayeébury's Scenery of England. ord 


rocks loosened in other ways. In our country rocks 
are worn down into fine particles chiefly by the action. 
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of rain, frost, and running water; but when the mate- 
rial thus produced is loose enough, the wind shakes it 
down to lower 
levels or carries 
it away. Even 
such hard rocks 
as granite are 
continually —be- 
ing disintegrated 
by weathering, 
the lines of weak- 
ness being the oe 
joints or fissures Fic. 76.—Sand-dunes, Leasowe, Cheshire, showing 
Mb oenee oe cee 
most rocks. The 

wind, often assisted by the particles of sand which it carries, 


removes the crumbled rock, and in time carves out such fan- 
tastic formsasthe 
granite tors of 
Devon and Corn- 
wall (Fig.74). On 
shores where ex- 
tensive stretches 
of sand are left 
dry, the action 
of wind in modi- 
: ‘A fying the surface 
Fic. 77.-—Constantine’s Church, near Trevose Head, of the land is well 


North Cornwall, surrounded by sand-dunes. Re- ; 
produced, by kind permission, from a photograph displayed. Even 


by Mr. A. E, Murray. ace Gate COMA 
try very remarkable results due to the removal and deposit 
of sand by wind are to be seen. Sand-hills or sand- 
dunes (Fig. 75) are produced by the accumulation of the 
wind-borne fragments, the deposit sometimes showing a 
stratified structure (Fig. 76) in which the layers accumulated 
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from time to time can be clearly distinguished. The loose 
sand is continually being driven on by the prevalent wind, 
and though this is particularly noticeable in desert or rain- 
less lands, some parts of our own country have been 
devastated by this action. On the north Cornwall coast, 
for instance, near Trevose Head, there is a waste of un- 
dulating sand in which Constantine’s Church, founded by 
the Irish bishop St. Piranus, was buried for seven centuries 
until it was uncovered in 1835. On the western border of 
Europe, blown sand occupies nearly half the coast from the 
Pyrenees to the Baltic, and it advances at the rate of three 
to twenty-four feet in a year. Many fertile fields and 
houses of once populous districts have been overwhelmed 
by this advancing sand. In North America, on the shores: 
of Lake Michigan, the dunes reach a height of 100 to 200 
feet ; and swamps, forests, and even low hills have been 
buried by the onward march of the wind-driven sand. 


CHAPTER VII 
THE COMPOSITION OF PURE AND NATURAL WATERS 


Nature of water.— Had the question, ‘‘What is water ? ” 
been asked a little more than a century ago, the wisest 
chemist of the day could have returned no answer, save 
that which might have been given thousands of years earlier. 
He would have replied, in short, that water, like air, is one 
of the elementary principles of Nature. And yet there had 
not been altogether wanting observations which suggested 
that, after all, water might not be a simple substance. 
Thus the sagacity of Sir Isaac Newton led him to believe 
that water might consist of ingredients which were unlike 
each other, and that one or more of these might be inflam- 
mable. Such conjectures, however, could not be verified 
until considerable advance had been made in chemical 
science; and it was reserved for the chemists of the last 
quarter of the eighteenth century, soon after they had 
determined the composition of atmospheric air, to demon- 
strate the true chemical constitution of water. 

Constituents of pure water.—It was found in the 
year 1800 that when a current of electricity is passed through 
water, bubbles of gas are produced, owing to the decom- 
position of the liquid into its constituent elements. The 


electricity, in fact, splits the water into two distinct kinds of 
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matter, both gaseous ; one gas—oxygen—appearing at the 
pole where the current enters, and the other gas—hydrogen* 
—where it leaves the water. The longer the current of 
electricity is allowed to pass, the more oxygen and hydrogen 
are generated ; and, if the current could be continued for a 
sufficient time, all the water might be thus decomposed, and 
resolved into these two gases. This experiment, therefore, 
shows that pure water consists of oxygen and hydrogen. 
Moreover, a careful examination of the quantity of gas 
generated shows that twice as much hydrogen as oxygen 


Fic. 78.—Apparatus for decomposing water into its constituent elements—oxygen 
and hydrogen—-by the electric current. 


is produced. If a cubic inch of oxygen is generated, two 
cubic inches of hydrogen will be obtained in the same time; 
and it is found that these proportions are exactly preserved 
wherever and whenever water is subjected to decomposition. 
It is seen, then, not only that water is composed of the two 
substances, oxygen and hydrogen, but that they exist in 
water in a constant proportion ; so that, when they are set 
free and assume the gaseous state, there is always one 
volume of oxygen to two volumes of hydrogen gas, 


1 Hydrogen, from twp, hudor, water, yevvaw, gennao, to produce 
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Physical and chemical changes.—The experiment 
just described gives a clear insight into the essential con- 
stitution of water. None of the changes which were 
described in preceding chapters had in any way affected 
this constitution. Water may be frozen, for example, into 
solid ice, but the ice will consist of oxygen and hydrogen 
in exactly the same proportions as in the liquid water. 
The water may be boiled and become the invisible gas, 
steam, but the steam will consist of oxygen and hydrogen in 
exactly the same proportions as in the water or in the ice. 
It will thus be understood that the physical properties of 
matter may be altered without affecting its deeper chemical 
constitution. The three conditions of a solid, a liquid, 
and a gas—represented respectively by ice, water, and steam 
—are physical states dependent mainly on temperature, and 
the chemical constitution of steam remains unaltered by a 
temperature far above the boiling point, while that of ice is 
not affected by any known degree of cold. 

Elements and compounds.-——Oxygen and_hydro- 
gen being obtained by the decomposition of water, it 
may naturally be inquired whether these substances cannot 
in turn be decomposed. To this question it can be simply 
replied that the most skilful chemists have hitherto failed 
to effect such decomposition. They have found it im- 
possible to obtain from oxygen anything but oxygen, or 
from hydrogen anything but hydrogen ; and in the present 
state of our knowledge, these bodies are consequently re- 
garded as elementary or simple substances. Nitrogen, 
which was obtained from the atmosphere (p. 80), is 
another of these elements ; and altogether chemists are 
acquainted with not fewer than seventy-five of these simple 
bodies, a large proportion of which are metals. Everything 
existing around us is consequently regarded by chemists 
-either as an element orasacompound. Oxygen, hydrogen, 
-and nitrogen are elements ; carbon dioxide, ammonia, and 
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water are compounds. These compounds generally have 
properties very different from those of their constituents ; 
thus, in none of its physical forms does water possess the 
properties of either hydrogen or oxygen ; even as steam, it 
differs markedly from these, being neither combustible like 
the one, nor a supporter of combustion, like the other. 
When two substances are simply mixed together, without 
entering into chemical combination, they produce a 
mixture, having properties which partake of those of its 
components. Thus, if four volumes of nitrogen are mixed 
with one volume of oxygen, a mixture is obtained which 
resembles atmospheric air, and is precisely what we should 
expect to produce; the activity of the oxygen being 
tempered by dilution with nitrogen. For this and 
other reasons, chemists believe that atmospheric air is a 
mechanical mixture of gases; whilst water is a true 
chemical compound, 

Composition of water by weight.—It has been 
stated that when water is decomposed the volume of 
hydrogen obtained is twice as much as that of oxygen. 
Now oxygen is sixteen times heavier than hydrogen, 
taking bulk for bulk ; if therefore we obtained from a given 
quantity of water a volume of oxygen that weighed 16 
grains, then we should find an equal volume of hydrogen 
weighed 1 grain ; but, as a matter of fact, in the experiment 
described on p. 122, twice the bulk of hydrogen is obtained, 
so that this quantity, instead of weighing 1 grain, must weigh 
2 grains. The proportion by weight is therefore 16 grains of 
oxygen to 2 of hydrogen ; or 8 to 1, as was expressed above. 
Chemists are thus led to the conclusion that water consists 
of a combination of hydrogen and oxygen in the definite 
proportions of 2 volumes of hydrogen to 1 volume of 
oxygen, or of 2 parts by weight of hydrogen to 16 parts by 
weight of oxygen. 

When a compound is resolved into its components the 
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process is called analysis. All the processes hitherto de- 
scribed have been analytical processes, but the composition 
of water can also be demonstrated by synthesis,’ that is 
to say, by putting the constituents together under conditions 
in which they will combine to build up the compound. 
This happens when hydrogen is burnt in oxygen or air. 
Indeed, as most fuels contain hydrogen, water vapour is one 
of the products of their combustion ; as may be shown by 
holding a cold body, such as a piece of polished metal, 
above a flame, when the vapour may condense as a film of 
moisture upon it. The discovery of the composition of 
water was indeed made originally by synthetical, and not by 
analytical, processes. 

Impurities in natural waters.—-Though absolutely 
pure water consists of two gases, oxygen and hydrogen, 
united in definite proportions, such is not the composi- 
tion of any water known upon the surface of the earth. 
As a matter of fact, absolutely pure water is never found 
in the economy of Nature. Rivers are often appreciably 
turbid, the muddiness being due to the presence of solid 
particles which are mechanically suspended in the water— 
particles which would in great measure subside if the 
water were left free from disturbing causes, and which 
could be more or less completely removed by the simple 
process of filtration. Apart, however, from these mechani- 
cally suspended impurities, the water of every river con- 
tains certain chemical compounds in a state of solution. 
Such impurities, though present in very large proportions, 
may entirely elude observation by the eye, the water 
remaining clear and colourless. These soluble con- 
stituents, unlike the suspended impurities, will not be 
deposited when the solution is allowed to stand, nor will 
‘they be removed by the mere act of filtration. 

i Analysis, from ava, ana, again; Avous, /uses, a separation. 
2 Synthesis, from abv, sui, together ; Oéo1s, thesis, putting. 
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It is not necessary to go far to seek the source of these 
dissolved impurities. All the rocks of the earth, over 
which the waters flow, or through which they drain, contain 
mineral constituents more or less soluble in water. Water 
is, in fact, an almost universal solvent, whether of solids, 
liquids, or gases. River-water must therefore be regarded, 
not as absolutely pure water, but rather as an extremely 
weak solution of certain chemical compounds. What these 
compounds are will now be explained. 

Atmospheric gases in rain water.—When natural 
water is evaporated, all its impurities, except those which 
are volatile, are left behind, and the vapour which rises 
is very nearly pure water. When the vapour of water is 
condensed it reproduces pure water. But such water 
rapidly absorbs both oxygen, nitrogen, carbon dioxide, 
and ammonia: and hence the rain when it reaches the 
earth is no longer pure water; it has absorbed some of 
the atmospheric gases. Rain-water, therefore, although the 
purest of all forms of natural water, contains certain im- 
purities which it has washed out of the atmosphere. The 
oxygen of the air is more soluble than the nitrogen; the 
carbon dioxide gas is much more soluble than either oxygen 
or nitrogen; and the ammonia is far more soluble than 
any of the other gases. Thus, at a temperature of o° C. and 
pressure equal to a barometric height of 30 inches, roo 
volumes of water will dissolve 2 volumes of nitrogen, 
4 volumes of oxygen, 180 of carbon dioxide, and 114,800 
of ammonia. All the constituents of the atmosphere 
will therefore be found in a state of solution in rain- 
water ; while other bodies, such as nitric acid, also de- 
rived from the atmosphere, are not unfrequently present. 
In fact, whatever soluble constituents exist in the air 
will be absorbed by the rain. Hence, in the neighbour- 
hood of towns, where the atmosphere is impure, the rain- 
water will wash out more or less of its impurities, and, con- 
sequently, the rain.collected in populous districts is less 
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pure than that collected in anopen country. Moreover, the 
rain which falls at the beginning of a shower is more 
contaminated than the later rain; and rain which falls 
after a long drought is more impure than that which falls 
towards the close of a rainy season. But even after a long 
continuance of wet weather the rain will still contain 
atmospheric gases to the extent of about seven cubic inches 
to a gallon. 

Solvent action of springs and streams.—When 
the rain reaches the surface of the earth, it immediately 
commences to attack the rocks on which it happens to fall. 
Whether it dissolves much or little will depend upon whether 
the earth contains more or less soluble matter. But, what- 
ever the character of the ground, something will certainly 
be always dissolved. Every runnel, every brook, every 
rivulet, thus washes out some of the soluble constituents 
of the rock over which it flows, and carries them onwards 
to the river. The river consequently becomes the common 
receptacle for all the soluble matter delivered by its tributary 
streams. As it flows along, it grows richer in these soluble 
constituents, deriving them partly from the wear of its own 
bed and partly from that of its banks. It is not, however, 
by merely running over the -surface of the ground that the 
river and its affluents derive their supply of soluble im- 
purities, much more being probably due to the springs by 
‘which the streams are chiefly fed. Spring-water is, in fact, 
much richer than river-water in these soluble constituents. 
Nor is it difficult to see why. 

To form a spring, the rain-water must sink to a greater or 
less depth in the ground. During its underground passage 
it exerts its solvent action upon the surrounding rocks. In 
some cases the water sinks to great depths, traversing long 
and tortuous passages ; and in such cases it is only to be 
expected that, when it reappears at the surface, it will be 
highly charged with soluble constituents. Under pressure, 
at great depths, it may absorb large volumes of such gases 
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as carbon dioxide and sulphuretted hydrogen ; or it may 
dissolve saline matters of various kinds, and thus acquire 
peculiar properties which confer upon it medicinal value. 
Solvent action of carbonic acid water. — All 
limestones, from the softest chalk to the hardest marble, 
consist essential- 
ly of carbonate 
of lime; and as 
this compound is 
slightly soluble 
in water, the 
springs and 
streams of lime- 
stone districts al- 
ways hold it in 
solution. It is 
true that the pro- 
portion of car- 
bonate of lime 
dissolved by 
pure water is ex- 
tremely small ; 
not more, it is 
said, than two 
ae gates grains in a gallon 
Fic. 79.—In the Bode-thal, Harz Mountains. Effecc Of water. But, 


due to the erosion of silicates by water charged H = 
with carbonic acid from the soil, and’ assisted by when water is 


frost. R d i issi é 3 
Tos eproduced, by kind permission, from a charged with car- 


photograph by Dr. F. J. Allen. 

bon dioxide, the 
carbonate of lime is dissolved with facility ; and, since most 
spring-water contains this gas, it is easy to understand how 
it can act with great effect upon limestone rocks. It has 
been seen that carbon dioxide is dissolved out of the 
atmosphere by rain-water ; and, in like manner, every piece 
of water exposed to the air must absorb it, and a large 
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quantity is obtained from decomposing organic matter in 
the soil. Hence, all natural waters can dissolve carbonate 
of lime with more or less ease, and thus erode the lime- 
stone rocks through which they drain. 

Chemical action of rain-water.—The small quan- 
tity of carbon di- 
oxide which rain 
dissolves from 
the air unites 
with the water 
to form carbonic 
acid. As the rain- 
water percolates 
through the soil 
“it takes upa 
much larger 
quantity of car- 
bonic acid from 
the decomposing 
organic matter. 
If this water 
pass afterwards 
through lime- 
stone, the car- 
bonic acid at- 


tacks the car- 


i Fic. 80.—The Cheddar Gorge Somerset. Showing 
bonate of lime erosion of mountain limestone by action of water 


containing carbonic acid in solution, assisted by 
and forms a frost. Reproduced, by kind permission, from a 
soluble acid photograph by Dr. F. J. Allen, 


carbonate con- 
taining a double quantity of carbonic acid. Some of the 


harder rocks known as “silicates” are also eroded by car- 
bonic acid. It is this action of water and carbonic acid 
combined that hollows out the caves and gorges in our hard 
limestone (Fig. 80), and carves into fantastic shapes even 
such apparently insoluble rocks as granite (Fig. 79). 
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The softer calcareous rocks, such as oolite and chalk, are 
still more readily dissolved by this means ; but they do not 
as a rule produce such rugged forms, since the angles of 
soft rocks tend to be worn off by the rain and frost, which 
have comparatively little effect on hard rocks. 

Hardness of water.—When calcareous waters are used 
for domestic purposes, they are found to curdle soap, and 
are consequently termed hard waters. A portion of the 
soap is wasted, inasmuch as its fatty acids form insoluble 
salts with the lime. So long therefore as this curdling con- 
tinues, the soap is being wasted, and a lather cannot be 
produced. But it is possible to improve the condition of 
hard water by a process of softening, which consists in 
adding lime-water to the water the hardness of which is to 
be corrected ; the lime withdraws the extra carbon dioxide 
from the acid carbonate of lime in the water, so that instead 
of one portion of soluble acid carbonate there is produced 
a double portion of the nearly insoluble ordinary carbonate. 
This falls as a precipitate, and leaves the water softer. 

The hardness which is thus capable of correction is 
termed temporary hardness, to distinguish it from that 
which cannot be removed by treatment with lime, and is 
consequently termed permanent hardness. Such per- 
manent hardness is due to the presence of sulphate of lime. 
The upland waters of the West of England usually contain 
much more sulphate than carbonate of lime. Sulphate of 
lime occurs crystallised in nature, and is known to the 
mineralogist under the rather fanciful name of selenite,! 
whence waters containing much sulphate of lime are termed 
selenitic waters. If a water be described simply as 
calcareous, it is generally assumed that the particular salt 
of lime which it holds in solution is the carbonate. 

Caleareous streams and springs.—Waters flowing 
through limestone districts are generally charged with 


1 Selenztte, from oeAnvn, selene, the moon 
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carbonate of lime; in many cases to so great an extent 
that, if the water be exposed to the air, the carbonate is 
spontaneously thrown down ina solid form. Springs of such 
water are vulgarly called petrifying springs. To “petrify,” 
however, means literally to turn into stone ; it should there- 


bee Oe eit il 

Fic. 81.—The “‘ Dropping Well” of Knaresborough, Yorks. When the water from 
the well evaporates, a thin crust of carbonate of lime is deposited upon objects 
exposed toits action. 


fore be distinctly understood that all such springs are able to 
do is simply to cover the objects which receive the water 
with a crust of carbonate of lime, and not actually to con- 
vert them into mineral matter. Thus, at Matlock, in Derby- 
shire, and Knaresborough, Yorkshire, the water flowing 


through the Carboniferous Limestone is caused to deposit 
sae 
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its carbonate of lime upon various objects exposed to its 
action, and in this way the so-called petrified birds’ nests 
and other curiosities are produced (Fig. 81). ‘Thick de- 
posits of carbonate of lime are frequently formed by 
calcareous springs where they issue into the air. 
Stalactites and stalagmites.—In consequence of 
the comparative ease with which limestone yields to the 


Fic. 82.—Stalactites and stalagmites in Clapham Cave, Yorkshire. From a 
photograph by Mr. G. Fowler. 


solvent action of carbonic acid solution, this rock is fre- 
quently worn by water into holes and caverns. When 
calcareous water finds its way through the roof of a cavern it 
slowly deposits its burden of carbonate of lime, or at least 
a portion of it, in a solid form; and, by long continuance 
of this action, ultimately produces a conical or cylindrical 
body hanging like an icicle from the rocky roof. Pendent 
rods of this kind are termed stalactites.!_ From the point 
of the stalactite, water slowly drops down upon the floor, 
and, as this water likewise contains carbonate of lime, 
another calcareous deposit is formed as a little conical mass 


1 Stalactite, from otaddoow, stalasso, to drop. 
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seated on the floor; this mass is termed for distinction’s 
sake, a stalagmite.! As the stalagmite grows in height, it 
approaches the stalactite above, which continues to grow 
downwards ; and ultimately the two may meet and thus 
form a solid pillar stretching from floor to roof. Fig. 82 will 
give some idea of the common shapes assumed by stalactites 
and stalagmites. In the formation and decoration of such 
caves, water is the main agent from beginning to end. 
Finding its way through the cracks and crannies of the 
solid rock, it first eats away the limestone so as to form the 
cavity, and then bedecks the roof, the floor, and the walls, 
with calcareous deposits of most fantastic shapes. Even 
without going into a limestone cavern, examples of these 
stalactites may readily be seen. In fact, it is by no means 
uncommon to see small stalactites hanging down, like icicles, 
from the roof of the arches of a railway bridge, where they 
are produced by the rain-water dissolving the calcareous 
matter contained in the roadway, or in the materials of 
which the arch is composed. 

Mineral spring's. —Calcareous salts, although the most 
common, are by no means the only mineral compounds 
which occur in natural waters. Some springs, such as those 
at Epsom, are rich in sulphate of magnesium ; whence this 
salt is popularly called Zpsom salts, while the springs them- 
selves are said to be saline. Others may contain salts of 
iron, and form chalybeate springs. 

It is notable that many mineral springs have a temperature 
higher than that of the locality in which they issue ; thus 
the warm springs of Bath have a temperature of nearly 
120° F. _In volcanic districts, such thermal sources are 
extremely common, and as water when hot dissolves most 
substances more freely than when cold, these springs are 
often rich in mineral matter. The famous geysers of Iceland 
and of Colorado are intermittent boiling springs, containing 


1 Stalagmite, from oradAayua, stalagnia, a drop. 
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in solution a good deal of silica, or the matter of which 
flint and rock crystal are composed. 

Saline constituents in river water.—Springs such 
as have been referred to above are of course excep- 
tional; but it should be remembered that all spring water 
contains more or less mineral matter in solution. On com- 


paring the composition of 
ONE GALLON OF PURE 


WATER WEIGHS 70.000 GRAINS 


SOLIDS _IN 
DEE WATER, 3 GRAINS 


SOLIDS IN 
THAMES WATER, 233 GRAINS 


river. water with that of 
spring water, it will gene- 
rally be found that the 
river contains less saline 
matter. In fact, the water 
discharged into the river 


by springs becomes di- 
luted by direct influx of 
rain, and this dilution 
more than compensates 
for loss by evaporation ; 
so that, on the whole, the 
proportion of salts dimin- 
ishes. Moreover, the or- 
ganisms inhabiting the 
river derive their needful 
supply of mineral matter, 
directly or indirectly, from 
the surrounding medium, 
and thus the fresh-water 
shell-fish and crustaceans appropriate a large quantity of 
carbonate of lime to form their shells, from the river in 
which they live. Much of this, however, must be returned 
to the river by the decay of the shells after the death of the 
animals. In these and other ways it is easy to account for 
the proportion of saline constituents being less in river than 
in spring water. If the river drain a country composed of 
hard and almost insoluble rocks, the water will contain but 


SOLIDS IN 
SEA WATER, 
2450 GRAINS 


Fic. $3.—Graphic representation of the salts 
dissolved in river and sea water. The 
area of the white oblong figure represents 
the weight of one gallon of pure water. 
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little mineral impurity. Thus the water of the Dee, of 
Aberdeen, which draws its supply from a granite district, 
contains only about three grains of saline matter in the 
gallon. It is a very different case, however, with a river 
like the Thames, which collects its water from the drainage 
of comparatively soft and soluble rocks; the result being 
that at London Bridge a gallon of water, that is, 70,000 
grains, contains about 23 grains of saline matter. (Fig. 83.) 

Dissolved matter transported by a river.—Al- 
though this proportion of mineral matter held in solution 
in Thames water may appear extremely small, it must yet be 
remembered that, taking into consideration the great volume 
of the Thames, the total quantity of matter removed in this 
way from the land and carried seaward is something 
enormous. ‘Taking the daily discharge of the Thames at 
Kingston at 1,250 million gallons, and the salts in solution 
at 1g grains per gallon, the quantity of mineral matter 
carried down in solution, at that locality, amounts to 
3,364,286 pounds, or 1,502 tons, every twenty-four hours ; 
or say, roughly, a ton a minute. Of this amount about 
1,000 tons will consist of carbonate of lime and 238 tons 
of sulphate of lime. The total quantity of saline matter 
carried invisibly away by the Thames from its basin above 
Kingston will thus reach, in the course of a year, to the 
enormous amount of 548,230 tons. 

Organic impurities in river water.—Although it 
has been shown that river water contains a smaller propor- 
tion of saline matter than is present in spring water, it would 
yet be a great mistake to assume on this ground that the 
river water is more pure and wholesome. On the contrary 
the river water, though poor in mineral matter, is usually 
rich in organic impurities, and much less fitted for drinking 
purposes. Most of the water from deep wells and springs 
contains the merest trace of organic matter; but a river 
derives a large proportion of organic impurity from the 
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decomposing vegetable matter, spread over the large surface 
of country which it drains. A more serious source of 
contamination, however, is to be found in the sewage which 
is allowed to run into it from the centres of population 
seated on or near its banks, and may be charged with 
matters capable of propagating disease. In a shallow 
stream, which flows rapidly over an irregular bed, and is 
thus thoroughly aérated, the organic impurities derived from 


decaying animal and vegetable substances may be gradually — 


destroyed or oxidised by the agency of living organisms. 
The mineral substances in solution, on the other hand, 
remain unaffected, save in so far as they may be consumed 
in supplying such matters to the organisms which inhabit 
the river. 

Dissolved matter carried down to the sea.—The 
mineral salts are therefore, for the most part, borne onwards 
by the river and finally discharged into the sea. The sea 

“consequently becomes the ultimate receptacle for all the 
saline matter washed out of the land and brought down by 
rivers. And yet the water of the sea differs considerably in’ 
chemical composition from that of rivers or of springs. 
Whilst a gallon of river water may contain in solution from 
three to fifty grains of saline matter, a gallon of sea water 
will contain something like 2,450 grains. In fact, the pro- 
portion of solid matter in sea water reaches as high as 3} to 
4 per cent., so that one hundred pounds of sea water 
contains nearly four pounds of mineral matter. It is well 
known that most of this saline matter consists of common 
salt, such as we use at table—a salt known to chemists as 
chloride of sodium, since it consists of two elements, 


namely, the gas chlorine and the metal sodium. Out of the 


2,400 grains of mineral matter in a gallon of sea water, 
nearly 2,000 grains will consist of this common salt. 

Every tide brings sea water into contact with the fresh 
water of tidal rivers, and the two kinds thus become mixed. 
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On going down a tidal river it is found that the water 
gradually loses its freshness as the mouth is approached. 
The river begins to acquire a saltish flavour, and this salt- 
ness increases until the water becomes decidedly brackish 
and undrinkable. Going still farther out into the estuary, 


Photo. A.W. Taunt. 
Fic. 84.—The Estuary of the Thames at the Nore. 


the saltness becomes more pronounced ; until the water is 
hardly to be distinguished from that of the sea itself. 
(Fig. 84.) 

Relative weight of river and sea water.—The 
fresh water brought down by a river does not, however, 
immediately mix with the salt water, but rather tends to 
float upon its surface. For, since the sea water is rich in 
solid matter, its density is proportionally high; that is to 
say, sea water must weigh considerably more than fresh 
water when equal bulks are compared. If a given measure 
of pure water weighs 1,000 lbs., the same measure of water 
from the sea will weigh about 1,027 lbs. As a consequence 
of this high density, it is easier to swim on salt than on 
fresh water. Hence, too, the fresh water carried down by a 
river tends to float for a time upon the surface of the dense 
sea water; and off the mouths of some great rivers the 
water is found to be nearly fresh for some distance out to 
sea. 

Erosion of land by water.—From the vast surface 
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exposed by the sea, water is continually being evaporated 
by the aid of solar heat. But it is practically pure water 
which is thus drawn up into the atmosphere, the saline 
constituents of the sea water being left behind. Pure 
water condenses from this vapour, and falling upon the land 
as rain, charged to a certain extent with the constituents of 
the atmosphere, it washes out more or less of the soluble 
constituents of the rocks, which are ultimately carried down 
to the sea, where they accumulate. There is, consequently, 
a never-ceasing transference of solid matter from the land 
to the ocean—a transference, however, which entirely 
escapes cognisance by the sight, since the matter is carried 
down in a state of invisible solution. But in addition to 
the dissolved mineral matter which thus eludes observation, 
rivers bear a vast quantity of other solid matter in a state 
of mechanical suspension, and therefore readily recognised 
by the eye. This mechanical transport of solid matter 
from earth to sea will form the subject of the next chapter. 


oA help pane 


we 


CHAPTER VIII 
THE WORK OF RAIN AND RIVERS 


Sediment of rivers.—Take a gallon or two of water out 
of a river near its mouth, or when the water is turbid, as after 
heavy rain, and allow it to stand quietly in a clean vessel. 
If you look at it after it has stood for several hours, you 
will find that the water is much clearer, and that a quantity 
of muddy matter is spread over the bottom of the vessel, 
the quantity being greater or less according to the condition 
of the river at the time you happen to examine it. This 
mud was previously held in suspension by the water, and 
was the main cause of its turbidity ; so that, as soon as the 
muddy particles settled, the water became clearer. While 
the water was in the river, the fine solid particles were kept 
in constant agitation by the current of the stream, and were 
thus prevented from settling down. The more rapid the 
stream, the greater is its power of carrying this suspended 
matter; but, as the river approaches its mouth, the flow 
becomes slackened and the sediment subsides. Hence, in 
the lower part of the course of many rivers, especially in 
the “reaches” or bends of the river, there are large mud 
banks; and this mud is systematically dredged up and 
removed in order to prevent obstruction. Those particles 
of mud which are very light may be kept suspended in the 
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water until they are carried by the river right out to sea; 
but a time at length comes when even these will quietly 
settle down upon the sea-bottom. If a little of the muddy 
sediment deposited by the water be dried by exposure to 
the air, it will be found to harden into a substance not 
unlike clay. Clay is in fact generally formed of mud, 
hardened and perhaps otherwise altered. 

Waste of the land by rain.—Very little thought is 
necessary to convince any one that the fine particles of solid 


’ 


soa bie TB y 
Photo. Bielby and Son. 
Fic. 85.—During a thunderstorm and cloudburst at Langtoft, East Yorkshire, on 


July 3, 1892, the force of the water scooped out three deep and wide trenches 
from the hillside, and carried the material to lower levels. 


matter which form mud are produced by the mechanical 
waste of the land. After a heavy shower of rain has fallen 
in the street, you observe dirty streams coursing along the 
gutters, and every one knows that the muddy matter in 
these streams is merely the dirt washed from the roofs of the 
houses and the stones of the street. In like manner, every 
shower of rain that falls in the open country washes some- 
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thing off the surface of the land. This removal of matter is 
termed denudation ! since the rocks are laid bare by having 
their superficial covering thus peeled off. The particular 
kind of denudation effected by means of rain is called 
pluvial? denudation. A heavy shower falling upon a field 
washes away some of the soil, and carries it off in muddy 
runnels to the nearest stream, whence it passes to the river. 
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Fic. 86.—Botzen in Tyrol; showing the formation of earth-pillars by the action of 
rain. Reproduced, by kind permission, from a photograph by Mr. R. Kidston, F.R.S. 


Where the rain comes down in a deluge, as often happens 
in the tropics, its power as a denuding agent is almost 
incredible ; and even in our own country, especially among 
the hills of Wales and Cumberland, we occasionally hear of 
torrents of rain tearing up rocks and sweeping everything 
before them. 

A striking example of the waste of land by rain is afforded 
by the earth-pillars to be seen at Botzen, Tyrol (Fig. 86). 


1 Lat. deniido, to lay bare, uncover. 
2 Pluvial, from the Lat. pluvia, rain. 
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A valley which was once partially filled with clay containing 
boulders has there been acted upon by rain, which has 
washed away the clay except where a boulder has protected 
it like a cap or umbrella. Each pillar has a boulder at its 
summit, and when this falls off the pillar is worn down by 
rain until another boulder is reached which will protect it 
from further destruction. Earth-pillars of this kind are thus 
due to the mechanical action of rain, and not to the solvent 
powers of rain-water already described (p. 128). 
Formation of gravel and sand.—The detrital matter 
which is worn away from the land and carried along by 
rivers contains materials of every degree of coarseness. It 
often happens that fragments of rock, perhaps of con- 
siderable size, are loosened from cliffs near a river by the 
action of rain and frost, and tumble down into the stream. 
There they get slowly worn down by constantly knocking 
against each other, and may ultimately be rubbed into the 
form of smooth round pebbles. In the basin of a river like 
the Thames it is common for the hard flints from the chalk 
to get broken and rolled about in the water, and it is in this 
way that gravel is formed. The substance which is strewn 
over roads and garden-walks in chalky or flinty districts 
consists chiefly of little bits of flint, which have been so 
rolled about in water that the sharp points of the broken 
stones are rounded off. All gravel has not, however, been 
subject to the same amount of rough usage, so that whilst 
the pebbles are in some cases well rounded, in other cases 
they retain more or less of their angularity, though the 
corners are never quite sharp. The small pieces worn off 
the fragments of rock, as they rattle together on the bed of 
the stream, get rolled about until they form small rounded 
grains known as sand. As a rule, both the gravel and the 
sand consist chiefly of the substance called silica, or the 
material of which flint is formed, of which rock crystal 
(p. 63) is a very pure variety. The gravel and the coarser 


B VIII THE WORK OF RAIN AND RIVERS 143 


sediment are pushed along the bottom of the river by the 
motion of the stream, whilst the finer sand may be carried 
in suspension, though it will not travel so far as the lighter 
particles of mud. The heavier pieces naturally fall to the 
bottom first, so that if a quantity of mixed gravel, sand, and 
mud be shaken up in water, it will be found that the gravel 
is the first to fall; then the sand subsides, and finally the 
mud settles down. 

Carrying power of running water.—If a river has 
a steep bed it generally possesses great carrying power. 
Mountain-torrents, for example, rush down steep slopes and 
not only transport vast quantities of gravel, sand, and mud, 
but often move stones of considerable weight. During floods, 
too, ordinary rivers acquire great mechanical power. Thus 
we read of floods sweeping away bridges, tearing up rocks 
from the banks of the river, and carrying along stones 
weighing several tons. 

In estimating the ps ee of running water, it 
must be borne in mind that the weight of a stone is con- 
siderably less in water than in the atmosphere. Whena 
body is immersed in water, it is buoyed up with a force 
equal to the weight of a quantity of water having the same 
size, so that it appears to lose a certain proportion of its 
weight, the proportion depending upon its specific gravity. 
If a stone be twice as heavy as an equal bulk of water, it 
will lose one-half its weight; if three times as heavy, it is 
lightened by one-third; and so on. Experiments have 
shown that if a stream flow at the rate of six inches per 
second it has power enough to carry off fine sand; if at 
12 inches per second it can sweep away fine gravel ; and if 
at 36 inches per second it can transport pebbles as large 
as hens’ eggs. From these results it will be seen that by 
increasing the velocity six times—from 6 to 36 inches— 
a current is able to carry pebbles more than three inches in 
diameter instead of fine silt. In fact, when the velocity of 
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a stream increases, the transporting power increases in a 
far greater proportion. Thus, by doubling the velocity, 
the transporting power is increased 64 times, and by 
trebling it the transporting power becomes 729 times 
greater. It should not be forgotten, however, that the 
shape of the fragments greatly affects the ease with which 
they may be moved in water. 

Denudation by rivers.—Hitherto, the work of the 
river has been regarded as chiefly that of transporting solid 
matter which has been carried into it by rain and other 
denuding agents. But 
the river is itself a 
powerful agent of 
direct denudation— 
fluviatile denuda- 
tion asit is sometimes © 
termed. It is true 
that running water 
alone can do _ but 
little towards abrad- 
ing a hard rock ; but 

a ene... the pebbles, sand, 
ae Ke Weick. and other detrital 


Fic. 87.—Pot-hole in a ravine, Glenariff, Co. Antrim. : 
The hole has been worn in basalt by the scouring matter carried along 


action of pebbles carried by the stream. by the stream rub 
against every hard point with which they come in contact, 
and thus enable the river to wear away the hardest rocks in 
its course, as surely as though they were being ground and 
scoured with sand-paper. The grinding action of pebbles, 
when set in motion by water, is strikingly shown in the 
formation of pot-holes (Fig. 87). These are roundish cavi- 
ties, perhaps several feet in depth, not uncommon in the 
hard bed of a mountain-stream. A few pebbles, lodging in 
a small cavity, get whirled round and round by the eddies 
of the stream, until at length they excavate deep holes 
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of considerable size. In such cases, the grinding effect 
of the pebbles is generally assisted by the sand and finer 
particles in the water, which scour the walls of the hole 
as effectually as though they were well rubbed with fine 
sand-paper. 

Aided by its burden of detrital matter, the river frets 
away the rocks along its banks and thus tends to widen its 
channel; while at the same time the coarse sediment, 
scratching along the bottom, helps to tear it up and thus 


Fic. 88.—The Skaptar river flowing over lava sheet, Iceland. From a photograph 
by Prof. Johnston-Lavis. 


deepen the bed of the river. Every stream with sufficient 
fall is in this manner continually at work, gnawing away 
the rocks through which it flows; so that a channel which 
is, to begin with, narrow and shallow may gradually 
become widened and deepened. The amount of excava- 
tion which can be wrought in a given time by means of 
running water is well seen in volcanic regions, where 
rivers have cut through sheets of lava which have been 
poured forth at known dates (Fig. 88). 

The canyons of Colorado.—But perhaps the grandest 
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results of mechanical denudation are to be witnessed in the 
vast chasms through which some of the rivers in Colorado 
flow. These narrow gorges, bounded by steep, wall-hke cliffs, 
are known under their Spanish name of canons, or with 
anglicised spelling canyons (Figs. 89, 90). The Colorado 
River of the West, which runs from the Rocky Mountains to 
the Gulf of California, flows during part of its course at the 


ay 


Photo. Photochrome Co. 
Fic. 89.—The Portals, Grand River Canyon, Colorado. 


bottom of a profound chasm, being hemmed in by vertical 
walls which in some places are more than a mile in depth. 
There is no reason to doubt that this gigantic furrow has 
been cut down by the river which runs through it. The 
tributary streams, flowing into the river, run in like manner 
through smaller ravines known as side-canyons ; and in fact 
the general arrangement of the canyons at once suggests 
that of the drainage system of a country. Nothing can 
show the amount of vertica/ erosion effected by running 
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water, better than these gorges. Probably they owe the 
preservation of their peculiar form to the fact that the 
country in which they occur is comparatively rainless : for, 
if there were much rain, the sides could not retain their 
position as perpendicular walls ; secondary denudation would 
gradually wear them into slopes, and convert the chasm into 
an ordinary river valley. 

A river system in miniature.—To understand 
how running water usually effects denudation, it is instruc- 


Fic. go.— Bird’s-eye view of the Grand Cafion, Colorado. 


tive to watch, at the seashore, the behaviour of the water 
which drains off a flat coast of mud or fine sand, as the 
tide retreats. Flat and smooth as the beach may seem to 
the eye, the water soon finds out some slight inequalities of 
surface, and runs down even the gentlest declivity. Par. 
ticles of sand carried down by the water begin to scour out 
little grooves and then to enlarge them into wider furrows. 
Several streams may be seen uniting into one larger stream, 
and at length a complex system of branches is established, 
all tending to a common channel which runs down towards 
low water. Even without going to the seaside, one may 
L2 
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often see similar effects. near a wayside puddle which 
receives the muddy drainage of the road. _ No imagination 


is needed to compare the miniature system of branching — 


streams, produced in either of these cases under one’s eyes, 
with the drainage system of a river basin. The model is in 
fact complete in almost every point. There is the main 
stream, with its side feeders, running down to the sea ; and 
it may often be seen, that one little system of streams is 
separated from another by an intervening space which 
represents a water-parting. 

Development of a drainage area.—Suppose now 
that a portion of the sea-bottom were to be upheaved, and 
appear above the surface of the water as a great area of land 
having a gentle slope in one direction. From what has just 
been said, it is easy to judge at once how it would be drained. 
When rain fell upon this new land-area, it would tend to 
run down the slope towards the sea almost in direct lines, 
as shown at the top of Fig. 91. At this stage of develop- 
ment of the drainage system, all the rivers would be surface 
streams, their courses being determined by the slope of the 
uplifted plain and not by the structure of the rocks. But 
if the upraised area contain layers of hard as well as of softer 
rock, the action of rain and running water would soon wear 
it into irregularities. Ridges would appear which would 
interfere with the original direction of flow, and a new 
system would be developed with branching streams running 
almost at right angles to the courses of the original rivers. 
With the progress of time the plain would lose all its 
smoothness, and though some of the rivers might cut through 
the hard rock, others would be unable to do so, and a 
system of drainage like the bottom sketch in Fig. 91 might 
be produced. As this action goes on, the water-chan- 
nels are worn wider and deeper, while the sides of the 


1 The Development of Certain English Rivers. By Prof. W. M, 
Davis. Geographical Journal, vol, 1895. 
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streams are 
washed by 
the rain into 
sloping banks. 
So close is 
the _ similarity 
of a system of 
drainage estab- 
lished in this 
way to what is 
found ina large 
river basin, that 
those who have 
thought most 
upon the sub- 
ject believe 
that one may 
be taken to ex- 
plain the other ; 
that, in point 
of fact, the 
present rivers 
have gradually 
scooped out 
their own chan- 
nels, and that 
Or river 
valleys are 
mainly the re- 
sult of work 
performed by 
rain, rivers, 
and similar 
agents of de- 
nudation. 


Fic. or.—Stages in the development of a drainage system 
on a plateau uplifted from the sea, 
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River valleys.—At first sight, it may seem incredible 
that a great river system should have been shaped by the 
action of running water upon rock. Yet the more one 
thinks upon it the less are the difficulties that beset such an 
explanation. No one can ay that little watercourses may 
ae ae be eaten out of solid 
rock by a running 
stream, for the very 
origin of such gulleys 
may often be wit- 
nessed (Figs. 92, 93). 
And from these it 
is possible~ ata 
pass, by  insensible 
steps, to brooks and 
streams of larger size, 
until at length you 
come to a true river. 
If it be admitted 
that the little stream 
has worn out the 
gutter in which it 
runs, it is hard to 
deny that the larger 
— a a@ stream has done 
ed nie ae Fall on the a oe pimilar work oagma 

shire. larger scale. The 

whole affair is in- 

deed a mere question of time. The smallest cause 

can produce a vast effect if it 1s only allowed to work 
long enough. 

It needs but little boldness to apply such reasoning to the 
valleys of many of our rivers. If anyone will examine the 
opposite sides of the nearest river valley, he will probably 
find that the rocks exactly correspond, each bed of gravel, 
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clay, or hard rock on one side generally having its counter- 
part on the other. 

Passing from the study of a river valley to that of the 
general surface of the country, abundant evidence is to be 
found that rain and running water have been actively at 


Pheto. G. W. Wilson. 


Fic, 93.—Scene on the Beauly River, Inverness-shire. Course worn by 
running water. 


work. Indeed, there is good reason to believe that these 
almost silent workers have been the chief instruments in 
producing the present physical features of the ground. 
They have eaten out river-courses and worn away valleys, 
leaving masses of rock which stand out as hills and crags. 
But, while giving them credit for effecting such work as this, 
it is necessary to recognise the co-operation of other forces, 
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the effects of which will be discussed in subsequent 


chapters. 


Deposition of sediment by rivers.—If running 
water is thus wasting away the land, year after year and age 
after age, what ultimately becomes of the great quantity of 
matter which must be removed? To this question a partial 
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Photo. Godfrey Bingley. 


Fic. 94.—Upper course of stream; High Cup Gill, 
ab caumareland, shewing the character of a river 
valley. he 


naturally the first to subside. 


answer has al- 


ready been inci- 
dentally given. 
The coarser 
detrital matter 
is pushed along 
the bottom of 
the stream, and 
thus slowly 
moved towards 
its mouth: 
whilst the finer 
detritus, being 
held in suspen- 
sion, is carried 
more rapidly 
away by the 
flow of the 
running water. 
When the flow 
is checked, the 
sand and mud 
settle down, the 
coarser _ parti- 
cles being 


In the miniature river- 


system self-established in the muddy bank left by the 
receding tide, a minute stream may often be seen entering 
a quiet pool of sea-water, and depositing its burden of sand, 
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particle by particle, upon the floor of the little pond. 
Exactly the same kind of action occurs, on a much larger 
scale, at the mouth of every river. In some cases a river 
during its course opens out into a lake, and then the 
resemblance to our model on the sea-shore is even more 
striking. On entering the lake, the flow of the stream 
becomes _ dif- 
fused over a 
broader area 
and therefore 
rendered slow- 
er, and a part 
of the sus- 
pended _ sedi- 
ment falls to 
the bottom ; so 
that, by the 
time the stream 
emerges, its 
waters have 
become _ puri- 
fied. The effect 
of a sojourn in 
the ‘lake is 
somewhat like 
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Photo. G. W, Wilson. 


: ; that of allow- 
Fic. 95.—Corrie-na-baich, Glencoe, showing a delta 3 : 
formed where the stream enters the lake. ing mudd Wy 


water to stand 
in a glass; in either case much of the sediment slowly 
subsides. 

Silt in lakes.—A striking example of the purifying 
effect of a lake is seen in the Lake of Geneva, through 
which the Rhone flows. The river enters the upper end of 
the lake as a turbid stream, laden with detritus brought 
down from the Alps; but at the lower end of the lake it 
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issues forth well purged of its impurities. During its pas- 
sage through the lake, the mud which it held in suspension 
is deposited upon the 
bottom ; and, accord- 
ingly, at the entrance 
of the river new land 
is being slowly formed 
by the growth of this 
sediment. In fact, 
Port’ Valais "sthe 
Portus Valesi@ of the 
Romans, which was 
2 ‘4 Originally situated on 
ce ‘, oe the margin of the 
lake, is now nearly 

Fic. 96.—Where the oF enters the Lake of two miles inland ; the 
intervening ground 

having been formed, at the expense of the lake, by accu- 
mulated sediment delivered by the river (Fig. 96). In this 
way a lake may grow shallower and smaller, until at length 
it becomes completely silted up; and a marshy tract is 
formed, through which the river flows in a meandering 
course. Such land is generally called alluvium ! (Fig. 97). 
Alluvial meadows and muds.—It often happens that, 
without flowing into a lake, a river may get relieved of 
much of its burden of sedimentary matter. When an 
unusual supply of water is suddenly delivered into a stream, 
by heavy rainfall or by rapid thaw of snow, the swollen 
stream rises above its banks and floods the adjacent land. 
In a flood, or freshet, the water is always highly charged 
with detritus; and, on the overflow of the river, some of | 
this is deposited as a fine layer of mud evenly spread over 
the flooded soil. The overflow being repeated season after 


1 Alluvium, from the Lat. ad, and Jo, I wash; land which is 
added to by the wash or flow of water. 
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season, the layers of mud accumulate until they form a low 
alluvial tract on each side of the stream. Most rivers are 
bordered by strips of rich meadow-land, which have been 
formed in this way. Such low-lying alluvial meadows are 
common along the banks of a river, and in the lower part 
of the basin, where the river is broad, there are often great 
expanses of flat marshy ground, Periodical deposition of 


a 


Photo. Godfrey Bingley. 
Fic. 97.—Delta in a lake—Derwentwater—showing the character of alluvium flats. 


sediment by means of river-floods is well illustrated by 
reference to the overflowing of the Nile. After the rainy 
season and the melting of the Abyssinian snows in the 
southern part of the basin of the river, a flood of water, 
charged with detritus, passes down the single channel which 


"traverses Egypt ; and, overflowing the banks of the river in 


its lower course, deposits the rich alluvial mud to which 


that country owes its fertility. are 
Deltas.—When a river approaches the sea, the inclina- 
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tion of its basin usually diminishes, its speed is slackened ; 
and consequently it deposits more or less of the matter 
which it holds in suspension. If the sea near the mouth 
of the river is not much disturbed by currents, as in a 
protected bay, the sediment will accumulate, and form a 
tract of alluvial land which is generally fan-shaped. In 
Lower Egypt the Nile has in this way produced an enormous 
alluvial tract, which was called by the Greeks the Delta, in 
allusion to its shape resembling that of their letter A. 
About 120 miles above its mouth the Nile divides into two 
main streams, of which the western is known as the Rosetta 


Fic. 98.—Delta of the Nile. 


branch, and the eastern as the Damietta pranch, these 
names referring to two towns situated at their respective 
mouths. ‘The two streams enclose, with the Mediterranean 
Sea on the north, a triangular tract of alluvial iand, inter- 
sected by a network of channels. The apex of this 
triangle, forming what is called the head of the delta, is 
situated about ten miles below Cairo. Fig. 98 shows the 
form of the Nilotic delta. 

From being originally applied to the triangular land 
about the mouths of the Nile, the term “ delta” has come 
into general use, and is now extended to all similar alluvial ~ 
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deposits. Even the land which has been described as 
formed in the Lake of Geneva by deposits from the Rhone 
may be called a lacustrine delta. If the silt is thrown 
down under tranquil conditions, on a tolerably level bed, it 
will fall in nearly horizontal layers regularly spread one 
upon another. Could a clean cut be made through the 
ground in such a delta, the cut sides would expose the 
edges of a number of beds or layers, of which the lowest 
must needs be the oldest or earliest formed, and the upper- 
most the youngest or latest formed ; the materials of the 
delta are, in fact, stratified. 

Converging and diverging streams.—In follow- 
ing a river from its mouth towards its source, it is sometimes 
found to be continually branching out into smaller and 
smaller streams, not unlike the ramifications of a tree, until 
at length it is lost in a multiplicity of little rills. And, in 
tracing a river downwards into its delta, it is found in like 
manner that it divides and subdivides, till at last it is split 
up into a network of channels, and reaches the sea through 
a number of separate openings. The arrangement of 
branches in the delta is therefore similar to that in the 
catchment-basin, but exactly opposite in direction. In the 
catchment-basin all the branches converge to the main 
stream ; in the delta they all dverge from the trunk channel. 
The difference between the catchment-basin and the delta 
is shown in Fig. 99. 

Nature of delta land.—In many deltas the alluvial 
land is swampy, or washed by the sea at high tide; and the 
alluvium may in some cases be traced beneath the level of 
the sea, in the form of shoals and sand-banks, which are 
made up of the lighter particles of detritus swept out beyond 
the true delta. The great Indian rivers, the Ganges and 
Braéhmaputra, form together a vast delta for the most part 
consisting of marshy land supporting a growth of mangroves 
and nipa palms. The delta of the Mississippi (Fig. 100) is an 
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enormous tract of swampy ground in the Gulf of Mexico, 
furrowed by numerous streams and lakes. Holland may be 
regarded as an old delta, formed by the Rhine and the other 
rivers that pass through it. On the coast of our own country 
we frequently find tracts of alluvial land, such as that forming 
Romney Marsh. Occasionally the estuaries of our rivers 
become silted up more or less completely, and thus impede 
navigation. In the times of the Romans the Isle of 
Thanet was separated from the Kentish coast by a channel 


Fic. 99.—Representation of the catchment-basin and delta of a river. 


sufficiently wide to admit the Roman fleet ; but this channel 
is now choked up, and the so-called island is united by an 
alluvial tract with the mainland. 

River bars and shoals.—As a rule the rivers of this 
country are not large enough, and have comparatively too 
rapid a fall, to produce deltas. Moreover, in tidal rivers, the 
regular to-and-fro motion of the water in the estuary hinders 
deposition of sediment. ‘Though the rising tide, by arrest- 
ing the downward current of the river, may favour the deposi- 
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tion of sediment, yet on the other hand the scour of the 
ebb-tide co-operates with the flow of the river to sweep the 
sediment away. In some estuaries the tidal current is so 
charged with muddy matter that it is artificially carried 
over low land in order to cover it with a fine silt called 
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Longitude W. 89710’ of Greenwich 


Fic. 100.—Delta of the Mississippi. 


warp ; this is done in the estuary of the Humber. In cases 
where an actual delta is not formed, a bar or shoal may be 
thrown across the mouth of the river and thus interfere 
with navigation. A river exposed to full tidal action has 
little chance to form a delta; and although alluvial deposits 
may be found on its banks and shoals in parts of its estuary, 
there is sufficient scouring out of the mouth to keep the 
channel open. 
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Amount of sediment carried by rivers.—But, 
although a river may not form a delta, the quantity of 
detritus which it carries down from the surface of its basin 
and discharges into the sea may be far from being insigni- 
ficant. The proportion of solid matter suspended in water 
varies considerably in different rivers ; and in the same river at 
different seasons. Thus it has been found that the water of 
the Rhine, when the river was turbid, contained ;7;,5th of 
its weight of solid matter in suspension; but, at another 
season, when the water was clear and blue, it contained 
only s7igagth part. The Ganges, which has formed such 
an enormous delta, is said to hold, on a yearly average, as 
much as s+,th by weight of suspended detritus. No river 
has been more carefully examined than the Mississippi, and 
it has been determined that the average proportion of 
sediment in this great stream is 1 to 1500 of water by 
weight, and about 1 to 2900 by volume; so that the weight 
of mud actually carried to sea in the course of a year 
reaches the enormous amount of more than 4oo million 
tons. This amount of sediment would be sufficient to 
cover one square mile to the depth of 241 feet. 

Solid matter discharged by the Thames.—With 
regard to the Thames, it has been estimated that it dis- 
charges annually 1,865,903 cubic feet of sediment (Geikie). 
Add to this the quantity of mineral matter washed away in 
solution, to which reference was made in the last chapter, 
and it will be found that the total quantity of solid matter 
carried to sea by the Thames is really enormous. At 
Kingston, as has been stated at p. 135, the dissolved matter 
is estimated at about 548,230 tons per year. Now, reckoning 
15 cubic feet to the ton, which is about the average weight 
of chalk, this weight is equivalent to upwards of eight million 
cubic feet. But this is only at Kingston, and it is certain 
that much more is dissolved before the river reaches the 
sea. Nor must we forget to add something considerable to 
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represent the quantity of coarse sediment pushed along the 
bed of the river. On the whole, then, we shall probably 
not be far wrong in saying that the Thames carries down to 
the sea every year 14 million cubic feet of solid matter. 
Degradation of the land.—Imagine a huge die-shaped 
mass of stone measuring too feet in length, 100 feet in width, 
and roo feet in height: this would contain one million 
cubic feet. No fewer than 14 of these gigantic cubes 
appear to be quietly stolen from the surface of the Thames 
basin by means of running water and transported to the 
sea in the course of a single year. But the Thames basin 
covers a very large area, and it will be found on calculation 
that, admitting the abstraction of this vast mass, the entire 
surface of the basin would be reduced in level by only yjoth 
part of an inch every year. At the present rate of wear 
and tear, therefore, denudation can have lowered the 
average surface of the Thames basin by hardly more than 
an inch since the Norman conquest ; and nearly a million 
years must elapse before the whole basin of the Thames 
will be worn down to the sea-level. This method of 
showing the amount of work effected by rain and rivers in 
wearing away the land has been applied with interesting 
results by several geologists. Thus it has been calculated 
that, at the present rate of denudation, it would require 
about 54 million years to reduce the British Isles to a flat 
plane at the level of the sea. It must be remembered, 
however, that such calculations are beset with grave 
difficulties, and that the results can only be put forth as 
rough approximations. Nevertheless, they are not without 
their value in enabling us to form a conception of the great 
wearing down of land which must be effected by rain and 


rivers. 
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CHAPTER IX 
ICE AND ITS WORK 


Destructive action of frost.—Although our atten- 
tion was restricted in the last chapter to the action of rain 
and rivers, it would be a great mistake to suppose that these 
are the only agents by which denudation is effected. Rain 
and rivers unquestionably do much in the way of destruc- 
tion, but they work with far greater effect when aided by the 
action of frost. Bare faces of hard rock may be exposed to 
the action of rain, year after year, without suffering any 
marked change ; the water may fill the pores and fissures of 
the rock ; yet, unless the mineral components happen to be 
easily decomposed, it will eat its way into the stone with 
extreme slowness. But when a frost comes on, the con- 
ditions are entirely changed, and a fresh element of destruc- 
tion is introduced. The water with which the rock is 
charged freezes into ice, and during its solidification it 
tends to expand, as explained in a previous chapter.. If 
the water be confined in the pores and cracks of the rock, 
the tendency is resisted ; but the particles in freezing push 
each other apart in all directions, with such force that the 
strongest rock is sooner or later compelled to yield. Just 
as a water-pipe bursts during a frost, so the rock ultimately 
gives way, Fragments of stone, often of large size, are thus 
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- of water is cooled, it shrinks in 


rent from the rock and ready to tumble down at the next 
thaw, exactly as the flakes peel off a stuccoed wall after a 
hard frost. Nor should it be forgotten that frost does 
excellent work for the farmer in breaking up hard ground. 
A stiff soil is more or less loosened by frost, and is thus 
brought easily within the reach of other denuding agents 
when the thaw sets in. 

Expansion of water when freezing.—In addition 
to the mechanical force exerted by water during freezing, 
there are other ways in which ice 
assists in the destruction of the 
land. In a country witha mild , 
climate, like that of Britain, the 
effects of ice are extremely feeble, 
yet they are not altogether want- 
ing. It has been explained in 
Chapter IV. that when a body 


bulk, like other substances; but = 
it shrinks only when cooled down 
to a certain temperature. In fact, 


Fic. 1or.—Apparatus for showing 
when water is reduced to a tem- the variations of density of water 


near the freezing-point. 


perature of about 4° C. (39° F.) 

its molecules are packed more closely together than at 
any other temperature, so that, whether you raise or 
lower the temperature above or below this point, pre- 
cisely the same effect is produced; the bulk of the 
liquid is increased. At 4° C., therefore, water is said to 
have its maximum density. This can easily be proved 
by experiment with Hope’s apparatus, consisting of a 
metal or glass cylinder of the form shown in Fig. 101. Two 


thermometers are inserted at different levels into the 


cylinder of water, and the water is chilled by applying ice 

around the middle of the vessel. As the water becomes 

cooled it grows denser, and therefore sinks to the bottom, 
M 2 
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so that the temperature of the /ower thermometer falls 
until it reaches 4° C. Further cooling then expands the 
water, instead of condensing it, and consequently the cold 
water rises, so that now the temperature shown by the 
upper thermometer, which has meanwhile been almost 
stationary, begins to fall, and continues falling until, like 
that of the lower one, it reaches 4° C. The whole body of 
water is then at its maximum density, and any further 
reduction of temperature causes expansion, the cold water 
becoming specifically lighter and rising to the surface. 
Gradually, the temperature indicated by the upper thermo- _ 
meter sinks to the freezing-point, but no ice can form in 
the inner vessel unless the ice outside is Je/ow the freezing- 
point, o° C. It is generally necessary, therefore, to mix salt 
with the ice in order to obtain a lower temperature: when 
this is done, it will be noticed that crystals of ice begin to 
form at the coldest part of the inner vessel. The crystals, 
being lighter than water, tend to rise to the surface ; though 
some may stick to the glass, and so be prevented from 
rising. At the moment of freezing, when the particles of 
water are trying to arrange themselves in those crystalline 
forms which were noticed in Chapter IV., there is an 
increase of bulk much greater than that described above. 
Melting ice and freezing water.—The ice outside 
the vessel must be below the freezing-point in order to 
freeze the water inside, because water at o° C. cannot change — 
into ice at o° C. except by giving out a large amount of 
heat. But the water cannot part with this heat unless there 
is some colder body at hand to absorb it; for, as is well 
known, heat does not pass from one body to another unless 
the two bodies are at different temperatures. When any 
solid substance, such as wax, ice, or iron, is converted into 
a liquid, a certain quantity of heat is absorbed, and becomes 
hidden or latent, the amount depending upon the nature of 
the substance and the weight of it which is undergoing the 
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change of state from solid to liquid. So long as the liquid 
State lasts, this latent heat is retained by the liquid, but 
when the solid state is assumed the latent heat is given up. 
Thus water at o° C. has more latent heat than the same 
quantity of ice at o° C., and when it changes into ice this 
heat is set free. Conversely, ice at o° C. in the act of 
changing into water at o° C. absorbs a quantity of heat 
from its surroundings, and this heat becomes latent in the 
water which is- produced. 

The experiment with a vessel of water near the freezing- 
point roughly imitates what occurs in a natural piece of 
water such as a lake: the surface freezes while the bottom- 


WATER BEFORE FR 
HAS COMMENCED 


WATER BELOW A TEMPERATURE ICE. AT SURFACE. WATER 
OF 4°C RISING TO THE TOP AT TEMPERATURE OF 4°C 


' Fic. 102.—Stages in the freezing of a pond or lake. 


water remains a little warmer, at about 4° C. On account 
of the latent heat which water has to give up before it 
becomes a solid, a lake does not freeze unless the air in 
contact with it has a temperature below the freezing-point. 
When a thaw sets in, although the ice may soon rise in 
temperature to o’ C., it may yet take several days to absorb 
the large amount of heat which is necessary to convert it 
into water. 

Ground ice.—Ice, being thus relatively much lighter 
than water, floats upon the surface. Yet there are certain 
conditions under which ice may be actually formed at the 
bottom of a stream, and remain there for some time. 
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To explain the formation of such ground-ice, it has 
been suggested that the action of the running stream me- 
chanically mixes the cold surface-water with the warmer 
water below until the temperature becomes uniform through- 
out ; and when the air is very cold the whole mass may 
thus be reduced to the freezing-point. The formation of 
ice will then be determined at the bottom, in consequence 
of the greater tranquillity of the water and the contact 

of stones and 

i other objects 
which-have be- 
i j come chilled 
by free radia- 
way : \" thon, Daas 
, ground -ice is 
generally found 
in little masses 
clinging to 
‘stones and 
weeds; and 


P| 


occasionally 

the Loose 

Photo. H.W. Taunt. b odies are 
Fic. r03.—Ground ice floating on the Thames. lifted to the 


surface by the 
ice, just as if buoyed up with corks. The ice then 
floats down the river, bearing its little freight of gravel, 
which is dropped on the bed of the river when the ice is 
broken up or melted. Here, then, is a geological agent 
not to be neglected, since it assists the transporting power 
of streams in carrying solid matter from the land seawards. 
But if the geological importance of ice is to be fully realised, 
attention must be turned from these trivial illustrations to 
the grand spectacles which are presented by masses of moving 
ice in mountain regions beyond the limits of our own islands. 


: 
. 
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Snow on mountain tops.—When a snow storm occurs 
in this country, the snow does little or nothing in the way 
of denudation, beyond what it may effect indirectly, by 
giving rise to floods when a rapid thaw takes place. In 
fact the snow, as snow, protects rather than destroys. But 
the result is different in a mountainous country, such as 
that of the Swiss Alps. The greater part of the snow which 
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Photo. Wehrli 
Fic. 104.—Snow-field on Mont Blanc. 


Bros. 


falls there above the snow-line, as explained in Chapter IV., 
lies all the year round unmelted ; and therefore every fall 
must needs add to the thickness of the heap piled upon the 
mountain top. It is true that the snow evaporates, but the 
evaporation is extremely slow, and is far from equal to the 
additions constantly received ; and, though the heat of the 
sun during the day may melt the surface layer, the water 
thus formed sinks in and becomes frozen in the interior of 
the mass. Occasionally the accumulation is relieved by a 
great mass of snow sliding down the mountain slope, as an 
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avalanche. Usually, however, the pressure of the heaped- 
up snow gets rid of the surplus by gently squeezing it into 
the valleys be- 
low, where it 
moves down 
with extreme 
slowness. Yetit 
does not come 
down as a mass 
of white opaque 
snow. It has 
been shown in 
an earlier part 
of this work (p. 
Fic. 105.—Monte Cevedale, Ortler Alps. Reproduced, 68) that Siow 
by kind permission, from a photograph by Mr. is white and 
O. K. Williamson. ; 
opaque in conse- 
quence of the air entangled among its crystals. In 
squeezing @ 
handful of snow 
into a snowball, 
some of this air 
is forced out, and 
the loose crystals 
begin to adhere 
to one another ; 
while, by com- 
pressing snow 
very tightly in a 
hydraulic press, 
itimay'be ren Fo ct a ee 
dered almost hurled across a eke ete Oa ies 
sion, from a photograph by Mr. O. K. Williamson. 
homogeneous 
and thus brought nearly to the condition of ice (see 
p. 173): 
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Glacier ice.—In the way just described the great 
pressure exerted by the piles of snow in the Alpine snow- 
fields compresses the lower layers and converts them more 
or less completely into ice. The imperfectly consolidated 
substance, partly snow and partly ice, is known ih Switzer- 
land as Névé or Firn. Moreover, the water produced by 


Photo. . W. M. Spooner and Co. 


Fic. 107.—Mer de Glace, from near Montanvert. A glacier winding like a river. 


temporary thaw, or during sunshine, becomes frozen into 
ice ; and in these and other ways the water, which fell on 
the mountain top as loose white snow, is ultimately sent 
down into the valleys in the form of solid ice. The river 
of ice which thus drains the high snowfields is termed a 
glacier (Fig. 107). 

Movements of glaciers.—Although we have just 
spoken of a “river of ice,” it is not easy at first to believe 
that a substance so solid and rigid can really move in any 
way like a mobile liquid. Yet the fact that the glacier does 
so move can easily be demonstrated. Drive a row of 
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stakes firmly into the ice across a glacier and opposite to 
some well-marked point, or in a line with two stakes on 
the adjacent land, as in Fig. 108, so that you may know 
exactly their position. If you examine these stakes a week 
or two afterwards, you will find that they are no longer in 
a line with the stakes 
on the land, but at 
some point lower 
down the glacier. 
The ice has there- 
fore moved during 
this time, carrying the 
stakes with it. 

From this experi- 
ment it is seen that 
the ice really moves. 
But the experiment 
teaches something 
more than this; for 
it will be observed 
that the stakes have 
not only moved 
down, but have 
changed their rela- 
tive positions. In- 
stead of forming a 


Fic. 108,—The motion of a glacier shown by the ‘ 4 
change of position of a line of stakes in the ice. straight line across 


thé ice, they now 
form a curve ; the stakes in the middle of the row have got 
farther down than those at the sides, and it is therefore 
clear that they must have moved faster. 

Flow of glaciers and rivers.—The movement of the 
stakes in the experiment described is due simply to the move- 
ment of the ice, so that if the middle stakes move faster than 
the side ones, it shows that the middle of the glacier moves 
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faster than its sides. Exactly the same thing may be 
observed in a river: light bodies floated on a stream move 
like the stakes carried down by the glacier. Nor is it diffi- 
cult to see why a river should flow more rapidly in the 
middle than at its sides. The particles of water at the 
sides rub against the banks, and consequently are not so 
free to move as the particles in the middle of the stream. 


Fic. to9.—The front of King’s Bay glacier, Spitsbergen. Photographed by Prof. 
E. J. Garwood. 


In like manner, friction against the rocky walls on the 
flanks of a glacier causes the ice at the sides to move more 
sluggishly than the ice in the middle. Again, it is known 
that in a river the particles at the bottom drag along the 
bed and move less rapidly than those at the surface The 
ice of a glacier behaves in precisely the same way. It is 
concluded, therefore, that the motion of a glacier is like the 
motion of a river. If the glacier enters a gorge, it be- 
comes contracted and the flow is rapid; while, if its bed 
widens, it spreads out and the movement becomes slower. 
In truth, in all points the motion of a glacier resembles 
that of a river; the movement is essentially the same in 
kind but different in degree, the rate of movement of a 
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glacier being much less than that of a river. The rate of 
movement is greater in summer than in winter, but the 
average pace of Alpine glaciers is about one foot per day. 
Arctic glaciers move much faster than those of the Alps. 
Thus the King’s Bay glacier, Spitsbergen, is pushed down- 
ward into the sea at the rate of about twenty-five feet daily, 
and the Jakobshaven glacier, Greenland, has a speed of 
fifty feet per day. 

Causes of glacier motion.—The motion of a glacier 
is like that of a plastic solid, such as pitch and sealing-wax. 
A rod of sealing-wax easily snaps if it is struck suddenly, 
nevertheless it will bend into a curved shape if supported 


at one or both ends for a few days. Here, then, we have a 


solid which is plastic although it is brittle, and there are 
good reasons for regarding ice as possessing similar proper- 
ties. This sluggish motion of a glacier, and the way in 
which it accommodates itself to all the inequalities of the 
surface over which it travels, sinking into a depression, or 
riding over a ridge, without losing its continuity, admits of 
simple explanation if ice is considered to be a plastic 
substance. Another explanation of the motion of a glacier 
regards the ice as being continually fractured and refrozen ; 
the fractures permit the ice to slip slightly down the slope, 
and the broken parts become joined again when they are 
pressed together. 

| Regelation.—When a schoolboy makes a snowball he 
squeezes a handful or two of light snow into a hard com- 
pact lump; and it is worth noting that, if the snow be 
just on the point of thawing, he will be able to weld it into 
a firmer mass than if he employed perfectly hard and dry 
snow. Snow, as we have seen, is nothing but a confused 
mass of ice-crystals ; and the snowball becomes hard partly 
because it contains less air, and partly because the little 
pieces of ice of which it is composed, instead of remaining 
loose, stick firmly to one another. But why do they thus 
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become welded together? Experiment shows that when 
two pieces of ice are pressed together they unite into one 
solid mass. Faraday observed this curious fact many years 
ago, and the phenomenon has been termed regelation,! 
because the surfaces are momentarily melted by the 
pressure, and immediately freeze again, cementing the pieces 
together. Hence it is that, when snow is strongly squeezed, 
the icy particles 
freeze together in- 
to a compact sub- 
stance; and the 
snow, from which 
a glacier takes its 
birth, is pressed by 
the weight above 
into a hard mass, 
more or less like 
true ice. | 
Since water has == es 
to expand con- Fic. r110.—Experiment to illustrate regelation. The 
c . wire cuts through the block of ice, and the ice 
siderably in the unites again above it. 
act of changing 
into ice, it is not surprising to find that pressure may 
prevent the formation of ice, or may actually liquefy ice 
which is near the melting-point. A number of pieces of ice, 
powerfully squeezed together in a hydraulic press, are readily 
united into a solid lump; or a single mass may be crushed, 
and the fragments built up into a differently shaped body. In 
a similar manner, when a glacier is forced over an obstacle, 
the ice cracks and snaps ; but the enormous pressure of the 
sliding mass behind squeezes it together again, and regela- 
tion heals the fractures (Fig. 110). The glacier may there- 
fore accommodate itself to irregularities in its bed, not by 


! From Latin 7¢-, again, and ge/are, to freeze, 
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virtue of plasticity, but by being successively fractured 
and frozen. 


Fic. 1x1. 1.—Upper part of an Rhone glacier. Repacne by kind permission, from 
a photograph by Dr. F. J. Alle 


Moraines.—As it creeps down the valley, the glacier 
transports from higher to lower levels any detrital matter 
that may happen to fall upon its surface. From the 
neighbouring rocks fragments are constantly being loos- 
ened by atmospheric agents, and these sooner or later 
tumble down upon the glacier. A line of débrzs fringes 
each side of the glacier, some of the stones being perhaps 
several tons in weight. Such accumulations of detritus are 
known as moraines ; and, as those which are now being 
described occur on the two sides of the ice-river, they are 
distinguished as lateral moraines, As the glacier moves 
along, the moraine matter is carried forwards, until at length 
it reaches the end of the glacier; and thus fragments of 
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Fic. 112,—Glaciers descending from the Breithorn to join the Gorner glacier, 
Switzerland : lateral moraines uniting to form medial ones. Reproduced, by 
kind permission, from a photograph by Dr. F. J. Allen. 
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Photo. W, M. Spooner and Co. 


Fic. 113.—Fiesch glacier and Finsteraarhorn, Switzerland, showing medial moraine, 
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rock may be transported down the valley, far from the 
heights above. ‘I'he water which issues from the melting 
ice at the end of the glacier is unable to carry off this 
burden of stones which the ice has deposited ; and hence 
we generally find, across the end of the glacier, a confused 
heap of rubbish 
known as a ter- 
minal moraine, 
When two streams 
of ice unite, the 
lateral moraines 
unite also, as 
shown in Fig. 112. 
It is clear that, 
after the union of 
the two branch- 
streams, the outer 
moraines will con- 
tinue to occupy 
the sides of the 
trunk-glacier ; 
while the two in- 
ner moraines will 
[. eee unite at the fork 
Wehrli Bros. and form only one 
Fic. 114.—Crossing a crevasse on the Mer de Glace. ridge of detritus, 
. which will be 
carried along the middle of the main glacier. This middle 
line of stones is therefore distinguished as. a medial 
moraine, If a glacier receives in its course many side- 
branches, each contributing its moraines, the entire surface 
of the ice may ultimately become strewn with rubbish. 
Furrows formed by ice.—A glacier resembles a river, 
not only in its power of thus transporting detritus from a 
higher to a lower level, but also in acting as a direct agent 


Photo. 


————— 


a THE SEA AND ITS WORK 193 


once connected with this main body, though now completely 
surrounded by the sea. The headlands have been beater 
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Photo. G. W. Witson. 


Fic. 133.—‘‘ Yesnabie Castle” Rock, West Coast of Pomona, Orkney 
Islands. Coast worn by the sea and weather. 


Photo. Photochrom Co. 


Fic. 134.—The Needles, Isle of Wight. Pillars of chalk separated from the main- 
land by marine denudation. 


about by the waves until a passage has been forced at a 
weak point, here and there ; and pillars have thus been left 
standing apart from the mainland. (Figs. 133, 134.) 

H. & G. P. O 
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Characteristic cliffs.—As a general rule the hardest 
rocks form the most rugged outlines, because their angles 
are not easily worn away by the aérial denudation which 
rounds off the surfaces of softer rocks. But though soft 
rocks (for example, chalk) form no rugged cliffs inland, they 
behave some- 
what differently 
on the coast ; for 
we there find re- 
markably bold 
chalk cliffs, as at 
Dover, Flam- 
borough Head, 
and especially 
Beachy Head. 
The cause of this 
difference is, that 
inland the base 
of a cliff is pro- 
tected by @ithe 
talus or accu- 
mulated detritus, 
while the upper 
part is exposed 

PORk us. p98 to denudation, 
Photo. G. W. Wilson. which rounds off 
Fic. 135.—Storr Cheah ing takes due to the rock if it be 

soft : whereas on 
the coast the sea not only washes away the detritus, but may 
wear the base faster than the rain and other atmospheric 
agents wear the summit ; in this case an overhanging top is 
formed, from which masses of rock fall away from time to 
time, leaving a rugged surface. (Fig. 131.) 

Nevertheless, the most rugged forms occur among the 
harder rocks, as may be seen on the western and northern 
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coasts of Britain, where the rocks are much older and harder 
than those on the eastern and southern coasts. 

Where cliffs are formed partly of hard, and partly of soft 
rocks, the latter will naturally be more easily attacked by 
the waves. The fantastic forms which sea-cliffs assume may 
often be explained on this principle ; the harder beds, or 
dykes, of rock standing out in bold relief when the neigh- 
bouring softer rocks have been eaten away. 

Our disappearing coast.—The land of our coasts is 
being worn away continually by the action of the sea. On 
the Yorkshire coast it is estimated that two miles have been 


Fic. 136 —Marine denudation at Cultra, near Holywood, Co. Down. Reproduced, 
by kind permission, from a photograph taken by Miss M. K. Andrews, in 1891. 
The post in the water is part of a windmill pump erected 50 feet inland in 1824. 

taken by the sea since the Roman occupation ;! and more 

modern records show that towns and villages have disap- 
peared with their houses and churches, whole parishes having 
been washed away in some cases. Along the Norfolk coast, 
the only record of several villages is, “‘ washed away by the 
sea”; and on the Kentish coast churches and houses have 
fallen down the cliffs, on which are to be seen the bones 
formerly deposited in a churchyard which has vanished. On 
1 Nature, July 19, 1900 (vol. 62, p. 266). 
On 
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the south coast, although the chalk cliffs at the east end of 
the English Channel are subject to frequent falls and slips, 
care has been taken to protect them ; but along the clay 
cliffs near Axminster, South Devon, the waste is continuous, 
as much as twenty acres having slipped sea-ward in a 
single night. On the west coast, the nets of the fishermen 
are said to become occasionally entangled with the ruins of 
houses and other buildings buried in the sea some distance 
from the coast off Blackpool. To some extent this waste is 
compensated by the reclamation of land from the sea, but 
the area thus recovered is very small in comparison with 
that worn away by the unceasing operations of the sea. 
Wind and wave.—If the sea were a body of water in 
perfect repose, it would be utterly incapable of effecting 
mechanical erosion. But every one knows that the sea is 
‘never absolutely at rest, and that, even in the calmest 
weather, its surface is ordinarily more or less troubled with 
waves. It is easy to understand how these are formed. 
When you blow upon the surface of a basin of water, the 
mechanical disturbance of the air is immediately imparted 
to the liquid, and the surface is thrown into a succession of 
ripples. In lke manner, every disturbance of the atmos- 
phere finds its reflex on the surface of the natural waters. 
Each puff of wind catches hold of the water, and heaps it 
up into a little hill with the face to leeward ; then the crest 
falls, and the water sinks down into a trough, as deep below 
the mean surface as the hill was high above it ; but the next 
column of water is then forced up, only however to be pulled 
down again, and in this way the motion of the wave may be 
propagated across a broad expanse of water. Drop a stone 
into a pond, and the same kind of action will be seen: the 
water all round the spot where the stone falls is first 
depressed in the form of a little cup, and then rises again, 
the motion being taken up by the ‘neighbouring water ; and 
a succession of circles, losing in intensity or height as they 
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gain in width, spreads over the pond until the ripples at 
length die away upon the shore. If any light object, such 
as a cork, happens to be floating on the surface, it will serve 
to indicate the motion of the water below. As the waves 
reach it, the cork rises and falls, but it is not carried forward 
by the movement of the water. Exactly the same kind of 
action may be witnessed at sea. If a gull, for example, is 
seated on a wave it is simply rocked up and down, and not 
moved onwards. 

Undulatory movement.—Such simple observations 
are sufficient to show that the motion of the water is a move- 
ment of undulation and not of translation ; it is merely the 
form of the wave, and not the actual water, that travels. 
The motion is transmitted from particle to particle, to a 
great distance ; but the particles themselves perform very 
small excursions, merely vibrating up and down, or rather 
revolving in vertical circular paths. The general effect is 
similar, as has often been pointed out, to that witnessed when 
a gust of wind sweeps across a field of corn. Notwithstand- 
ing the impression produced on the observer, he knows that 
any movement of translation is here quite out of the 
question ; the stalks are not uprooted and carried across the 
field, but each stalk simply bends down before the wind and 
then returns to its erect position. Similarly, in the open sea 
the wave or pulsation is propagated, but the mass of the water 
at any given spot remains stationary, except in so far as it 
vibrates up and down. 

Rollers.—The mechanical force of the wind urges the 
surface-water forward; and when the wind blows persist- 
ently in one direction, the disturbance which it produces 
causes water to well up from below to take the place of that 
forced onward ; but this is not wave motion. The action 
of wind can be seen when a fresh breeze tears off the water 
from the crest of a wave, and scatters it as spray, and a 
heavy gale converts this into blinding showers of salt rain. 


198 PHYSIOGRAPHY CHAP. 


The wind too catches the top of the wave, and causing it to 
move faster than the water ‘below, urges it to leeward in the 
form of a graceful curl, the edge of which breaks into foam. 
On reaching a shore, the retardation of the deeper part of 
the wave by friction against the sea bottom, increases the re- 
lative velocity of the superficial part, and the latter rolls 
over; the water bursts with great force upon the land, and 
then sweeps back, as a powerful undertow, to the sea. 
Heights of waves.—However agitated the surface of 
the sea may be, there is reason to believe that the dis- 
turbance never extends far downwards. The more violent 
the wind the greater of course will be the agitation which it 
is capable of producing ; but even during a storm the waves 
never attain to anything like the height which is often 
popularly ascribed to them. It is not uncommon to hear of 
the sea running “mountains high”; yet in a strong gale in 
the open ocean the height of a wave, from crest to trough, 
rarely exceeds forty feet. In the shallow seas around our 
own islands they are far from attaining to such a magnitude ; 
the largest waves, even in a storm, not exceeding eight or 
ten feet in height. The disturbance produced by such 
waves extends downwards only to a comparatively small 
depth. In fact, the motion of the largest waves is almost 
imperceptible at a depth of about 300 fathoms, or 1,800 
feet ; while the agitation produced by ordinary waves must 
be quite insignificant at one-third of this depth. So far 
then as the destruction of the land by the sea depends on 
the mechanical action of such waves, it must cease at about 
too fathoms. Indeed it is probably very feeble at depths 
much less than this ; and in most cases on our own shores 
it is not very marked below the limit of the lowest tide. 
Currents caused by winds.—Winds not only agitate 
the sea and produce irregular waves, but where they are 
constantly blowing over the ocean in a definite direction 
they cause the surface-water to take a similar course, and 
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thus produce steady drifts or currents, the direction of 
which agrees very closely with that of the prevailing winds. 
Bottles thrown overboard from ships in the open ocean may 
be carried by these currents for 

hundreds of miles, and ultimately Seeerenece. 
cast upon distant shores. Pieces 
of wood, and nuts and seeds, 
known to be native to the West 
Indies and tropical America, are 
occasionally drifted across the 
Atlantic, and are washed on to 
the western shores of England, 
Scotland and Ireland, and even 
across to Norway. In like man- 
ner the Portuguese men-of-war 
(Physalia, Velella) and _ those 
oceanic snails with violet shells 
called Janthine, are now and 
then brought as visitors to our 


coasts, though usually confined ‘S 
to warmer seas far to the south 3 

Fic. 137.—Portuguese man-of-war 
and west. (Physalia) floating on the 


The Gulf Stream. ===> Per surface of the sea. 
haps the best known of these 
oceanic currents is the Gulf Stream, which is a broad body 
of warm water sweeping out of the Gulf of Mexico, through 
the Strait of Florida. The stream runs nearly parallel 
to the coast of the United States, and as it sweeps into the 
Atlantic it spreads out until a little east of Newfoundland 
it is not distinguishable in temperature or “set” from the 
rest of the ocean. (Fig. 138.) 

The Gulf Stream cannot therefore be said to cross the 
Atlantic from the shores of North America, for it is only 
an incidental part of a system of circulation which causes 
the surface-water of the ocean to drift in a north-easterly 


direction. The middle portion of the relatively warm surface 


water reaches the western shores of Britain and even extends 
to the coast of Norway ; while another portion parting from it 
in mid-ocean turns to the south and sweeps round the coasts 
of Spain and Northern Africa. 


Waller &¢ Cockerell sc. 
Fic. 138.—The Gulf Stream in relation to the circuiation of the North Atlantic. 


Sea and air temperatures.—The Gulf Stream, and 
the drift of water towards the coasts of western and north- 
western Europe, are undoubtedly results of wind-action. 
There is a prevailing eastward and north-eastward drift of the 
atmosphere over the North Atlantic, and this causes the 
entire surface of the ocean north of the region of the trade 
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winds to have a general movement towards the north-east. 
The aérial currents which produce this movement also 
distribute over Europe the heat of the ocean water which they 
have driven towards our shores. The comparatively mild 
climate of north-western Europe is thus not due to the Gulf 
Stream, as is frequently stated, but to winds which derive 
their warmth from the great mass of heated surface water cover- 
ing the Atlantic north of about latitude thirty-five degrees. 
Observations of the temperature of the surface of the 
sea around the British Isles throughout the year show that 
at most places the sea is coldest in February and warmest 
in August. The lowest winter temperature is about 40°F. 
off the coast of Scotland, and the warmest water in winter 
is off the Cornwall coast—where the average temperature 
in February is about 47°F. The temperature of the sea 
around the southern half of the British Isles is about 61° F. 
in August, and five or six degrees less in the northern half. 
It is generally believed that the sea exerts a great influence 
upon the climate of our coasts, but by an analysis of a 
large number of observations Mr. H. N. Dickson has 
proved ! that at no place is the average annual temperature 
of the sea more than two degrees greater than the average 
annual temperature of the air. It appears that the mild 
winters of our western coasts are not due to the heating of 
the air by a contact with a surface of warm water brought 
by a current from warmer regions, but to the fact that the 
air has itself come from these warmer regions, and is 
charged with abundant moisture, which sets free vast quan- 
tities of heat when the vapour is condensed to form rain, 
Depth of Gulf Stream.—That the Gulf Stream is an 
extremely shallow current of water compared with the great 


1 “The Mean Temperature of the Surface Waters of the Sea round 
the British Coasts, and its Relation to the Mean Temperature of the 
Air,” Quarterly Journal of the Royal Meteorological Society, October, 
1889, vol. xxv. 
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depth of the ocean is shown in Fig. 139, which represents a 
section of the North Atlantic, between New York and 
Bermuda. The current may indeed be regarded as a mere 


rill of warm water running over the surface of the sea; for, 


while the water below is considerably more than 2,000 
fathoms in depth, the Gulf Stream itself is not more than 
roo fathoms deep. It is seen also that, while the Gulf 
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Fic. 139.—Section of the Atlantic Ocean between Sandy Hook (near New York) and 
Bermuda, a distance of 700 nautical miles. The figures above the dotted lines 


indicate depths in fathoms. Drawn to true scale this diagram would be about 
seventy-two feet wide. 


Stream has here a temperature of 75°, the bottom water 
has as low a temperature as 35°°3 F. Incidentally, the 
diagram in Fig. 139 serves to show the character of the sea- 
bottom along the line of section ; it shows, for example, that 
the island of Bermuda rises as an isolated peak from water 


of great depth. It must, however, not be forgotten that in 


the diagram the vertical heights are shown on an exaggerated 
scale. 
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Circulation of water.— After what has been explained 
in Chapter IV. respecting the effect of heat in altering the 
bulk of bodies, it will be 
understood that a body of 
warm water, like that of the 
Gulf Stream, can easily float 
upon water which is colder 
and therefore denser. When 
a mass of water is unequally 
heated, by raising its tempe- 
rature below, or by lowering 
it above, currents are at once 
established ; and, if light mat- 
ter, such as sawdust, be sus- Fic. 140.—Convection currents pro- 
pended in the liquid, the duced in water heated from below. 
direction of these currents 
becomes very evident. Thus in Fig. 140, where heat is 
applied at the bottom of a vessel, the liquid becomes 
specifically lighter and there- 
fore rises, whilst the surround- 
ing colder water being denser, 
runs down in streams to supply 
the place of that which has 
ascended to the surface. This 
is, in fact, the ordinary way 
in which heat is propagated 
through a body of liquid, and 
the process is called convec- 
tion,! to distinguish it from 
conduction, or the method by 
a  Samment che) winich| Heat. ‘is - propagated 

through solid bodies. In 
conduction, the heat is passed on from particle to 


1 Convection, from Lat. con, and veho, I carry, the heat being conveyed 
by currents through the fluid mass. 
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particle, and thus travels through the mass, while, in 
convection, the heated particles themselves move. 
Again, if a piece of ice be dropped into a tumbler of 
slightly warm water, a system of currents will also be 
established, as in Fig. 141. From the bottom of the piece 
of ice acclear stream of heavy cold liquid flows down the 
middle of the glass, like a stream of clear oil, while the 
neighbouring water, which is comparatively warm, flows 
upwards in currents nearer to the sides of the vessel. 

Oceanic circulation.— Unequal cooling or heating of 
the great natural masses of water are competent to produce 
a circulation similar to that just 
described. The temperature of 
the sea at different depths has 
been very carefully examined ; 
and the observations show that, 
as a rule, the temperature dimin- 
ishes as the thermometer goes 
deeper, just as was shown to be 
the case in the North Atlantic. 
Reference to Fig. 139 shows that 
the bottom-water of that part of 
the ocean has a temperature only 
a little above 36° F.; while, in 
other places, it is still lower, and 
Fic. 142.—Experiment to show may even descend below the 

circulation of water. When ° * 

the water in the tube, B, is freezing-point of fresh-water.! It 

heated, it becomes lighter and 

rises to A, while colder and  2@Ppears that the presence of such 

heavier water sinks down the cold water aim athe deeper parta 

of the ocean, even in tropical 

regions, can hardly be explained otherwise than by assum- 
ing a grand movement of water from the polar towards the 


! The freezing-point of water is lowered by the addition of common 
salt, and ordinary sea-water does not freeze until reduced to — 2°C. 
(28°4° F.). 
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equatorial regions. The cold polar waters sink by their 
density and form a deep layer, which creeps along the 
ocean-floor towards the equatorial regions ; while the warmer 
and relatively lighter water floats on the surface in a con- 
trary direction, or from equatorial towards polar areas. The 
character of this circulation will of course be greatly modi- 
fied by the shape and depth of the sea-bottom over which 
the cold water creeps. Thus, the southern part of the 
Atlantic basin communicates freely with the Antarctic Sea, 
and the influx of cold water is therefore unimpeded ; but the 
northern part of the basin is contracted, and the principal 
channel through which Arctic water can flow southwards is 
the shallow channel between Greenland and Iceland ; hence 
the underflow of ice-cold water from the North will be much 
less than that from the South. This is still more strikingly 
shown by the shape of the great Pacific basin, where the 
communication with the Northern Polar seas is confined to 
the narrow and shallow channel of Bering’s Strait, through 
which very little ice-cold water can flow to the south. By 
such means a complete circulation is established; and it 
has consequently been said that every drop of water in the 
open ocean may, in course of time, be brought up from the 
greatest depths to the surface. 

Various causes of vertical circulation.—Other 
meteorological conditions, however, are capable of exerting an 
influence of the same kind as differences of temperature. 
Thus, where large rivers flow into the sea, and over parts of 
the ocean where an abundant rainfall is received, as in the 
western part of the Pacific, the density of the surface-water 
is diminished by the addition of so much fresh water. On 
the other hand, evaporation is much more rapid over some 
parts of the ocean than over others, and this again causes 
differences cf density, the surface water being saltest and 
therefore heaviest, where the evaporation is greatest. As 
the ratio between the amount of rain received and the rate 
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at which evaporation takes place varies in different 
parts of the earth, the density of surface water varies and 
circulation may be set up on this account. 

Other influences, such as the formation of ice in polar 
regions and the melting of ice in lower latitudes, no doubt 
affect oceanic circulation, on account of the large amount 
of latent heat involved in the change, as already explained 
(p. 165). The effective agent, however; of ocean currents, 
and probably also the chief cause of the circulation of ocean 
water as a whole, is wind. It has been proved by actual 
measurement that the water driven into the Gulf of Mexico 
from the Caribbean Sea by the trade winds is heaped up 
above the general oceanic level. The Gulf of Mexico is 
thus a natural reservoir, and the water it contains runs out 
of the Straits of Bemini as the Gulf Stream. 

Work of ocean currents.—It seems probable that 
ocean-currents are of no great importance as agents of 
denudation or of transport. A slow circulation of the 
entire mass of the ocean might perhaps facilitate the dis- 
persion of the finest sedimentary matter. Again, where the 
surface-currents strike upon the shore they must do some- 
thing in the work of denudation, though as a rule this will 
be extremely slight; the effect of currents, indeed, is not 
so much to‘abrade the land as to carry off the results of its 
abrasion by other means, and to distribute the finely- 
suspended matter far and wide over the floor of the ocean. 

High and low water.—In addition to the movements 
of the sea which have been already noted in this chapter— 
the wind-waves, the surface-currents, and the general cir- 
culation—it must not be forgotten that the ocean is subject 
to the grand rhythmical movement of the tides. Twice in 
every four-and-twenty hours the margin of the sea rises, and 
twice it falls, so that its level is constantly shifting up and 
down. And yet it is a common practice to say that a given 
elevation is so many feet above the sealevel. Such a 
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Fic. 143.—High and low water in a tidal creek—Dell Quay, near Chichester. The 


difference of level can be seen on the side of the quay. From photographs by 
Miss A. Tomlinson. 
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statement assumes that the standard taken is neither high- 
water mark nor low-water mark, but the mean level between 
the two; the water rising at one time as much above our 
standard level as it falls at another time below it. The 
Ordnance Survey has fixed its datum line, or standard from 
which all heights are measured, as:the mean tide-level at 
Liverpool. The level of high water at London Bridge, 
which is sometimes taken as a standard, is called, from 
the Trinity House, ‘“ Trinity High-water mark.” 

Tidal waves.—As the cause of the tide is to be found 
outside our earth, its explanation must be deferred to a later 
portion of this work. It is sufficient to remark in this 
place, that the great tidal-wave, which travels round the 
earth, is an oscillatory wave and not a wave of translation, 
the water rising and falling, but not moving onwards. 
But in the formation of the tidal wave the water cannot be 
drawn only from below; some of the water from the sea all 
round must be drawn towards the wave so as to make, as it 
were, a mound. If the surface of the earth were an un- 
divided ocean, the tidal mound would travel over it with 
little actual translation of water; for the water drawn to- 
wards the mound as it approached, would fall away into 
nearly its former position when the mound had passed the 
spot ; and even though a great quantity of water would be 
swaying to and fro, the oscillation would be as smooth in 
proportion as the eddies on a pond. 

Tidal currents.—Where land interrupts the tidal 
wave, the oscillation just described gives rise to currents 
alternately to and from the shore ; and owing to the irregular 
outlines of the land, the tidal currents in many parts of the 
world are very complex, and often concentrated in particular 
localities. Ifa shallow or narrow passage, or “ strait,” inter- 
vene in the course of the currents, the tide may there pro- 
duce a rapid rush of water or a race, Again, where the 
tidal current enters an estuary, there being no thoroughfare, 
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the water becomes heaped up and produces a sudden rush 
into the channel of the river; and a converse effect is pro- 
duced at the ebb of the tide. This is especially noticeable 
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Fic. 144.—Severn bore, at Denny Pill. The upper view represents the bore 
approaching, in shallow water; the lower is a side view of the bore in deep 
water, about one minute later than the upper one. Reproduced by kind per- 
mission from photographs by Dr. Vaughan Cornish. 


where an estuary is spacious at its mouth, but afterwards 
becomes narrow or shallow. Thus the Bristol Channel con- 
centrates the tidal currents, making the rise and fall of the 
tide in certain seasons as much as 50 feet in the Wye near 


Chepstow : and a tidal current in the form of a great crested 
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wave, known as a bore, rushes up the Severn so far — 
as Gloucester. 

Formation of bores.—The conditions necessary for 
the formation of a bore are a swiftly flowing river, a funnel- 
shaped estuary with a wide mouth to receive the tidal wave 
from the ocean, and a large expanse of flat sand or mud 
near the level of low water. The Severn possesses all these 
conditions, and the conflict between ‘the rapidly rising tide 
and the flowing river produces the bore. The accompanying 
photographs of the approaching bore as viewed from a spot 
near Newnham, below Gloucester, give a good general view 
of the phenomenon (Fig. 144). The character of a bore does 
not, however, lie so much in the form of the rolling water as 
in the motion, which combines the ghost-like movement of 
a wave with the rushing steadiness of a railway train, and a 
roar that can be heard a mile away. 

Sediment in relation to tides and currents.—In 
the estuary of a tidal river the tide periodically agitates the 
water, and thus hinders deposition of sediment. The flow 
of the river seawards is, however, checked every time the 
tide comes in, and sediment is then deposited ; hence bars, 
or banks of sand, are common at the mouths of rivers ; and 
even in the estuary of the Thames the shifting shoals 
indicate similar depositions. But it has been shown in a 
former chapter that the ebb-tide, by scouring out the 
estuary, prevents the formation of a true delta. 

The sediment which the tidal water carries away from — 
the mouth of a river at one part of the coast may be 
deposited at another point, and thus the sea may become 
a constructive agent charged with the formation cf new 
land. Usually, however, the suspended matter swept away 
by the ebb-tide is carried out to sea, where it may be caught 
up by currents and thus drifted to a great distance. Hence 


the tides and currents assist greatly in distributing the solid 
matter derived from the waste of the land. 
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Tendency of marine waste.—Putting together what 
has been said in this chapter with reference to the action of 
the sea upon the land, it may be concluded that its work is 
on the whole a work of destruction, yet not exactly like that 
of rain and rivers. ‘To observe this difference, it must be 
borne in mind that marine denudation is not equally active 
at all depths of the sea. The waves, as explained above, 
indicate only superficial agitation, and have no effect on 
deep water. Most of the destruction wrought by the sea is 
consequently confined within narrow limits, not extending 
deeper than a few hundred feet, and being for the most part 
restricted to the zone of coast between high and low water- 
marks. At great depths the abrasion by slow under-currents 
must be extremely small, for dredgings have shown that in 
deep seas there are no large fragments of rock to assist in 
the work of demolition ; and even if there were, the force 
of the current would probably be insufficient to move 
them. The great business of the sea is therefore confined 
to eating away the margin of the coast, and planing it down 
to a depth of perhaps a hundred fathoms. If this action 
went on for a sufficient time, the entire coast would be 
nibbled away, and Britain reduced to a great plain below 
the sea-level. Were such a submarine plain to be up- 
heaved above the surface of the water, it would immedi- 
ately be attacked by rain, frost and other atmospheric 
agents, and would eventually be chiselled by these means 
into a variety of physical features. Denudation by the sea 
differs then from that effected by other agents, in that it 
tends to produce an approximately level surface, while sub- 
aerial denudation gives rise to superficial irregularities. 


CHAPTER XI 
MOVEMENTS OF THE LAND 


I. Stow MovEMENTS 


Destructive agencies.—Allthe natural agentsdescribed © 
in the three previous chapters, however much they may — 
differ among themselves, agree in this—that they are, upon © 


the whole, slow and certain agents of destruction. Rain 
and river, frost and thaw, wind and wave—all work in the 
same direction, persistently attacking the solid land and 
sweeping away its superficial substance. Not that a particle 


of this substance is annihilated. Every grain stolen from — 
the land is sooner or later carefully deposited somewhere in 


; 


the sea. But still this gradual transference of matter, from 


land to water, must ultimately result in the lowering of the — 


7 


general level of the land to that of the sea, by the action of — 


rain and rivers; and in the subsequent paring down of 
the plain thus formed, to the depth at which marine 
denudation becomes insensible. If, therefore, no hindrance 
were offered to the action of these agents, not only would a 
time come when every foot of the British Isles would be 
buried beneath the sea ; but inasmuch as the volume of the 
sea is very much greater than that of the land which rises 
above the sea-level, if sufficient time were granted, all the 
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dry land in the world would ultimately disappear beneath 
one universal sheet of water. 

It is not difficult, however, to detect in the operations of 
nature counterbalancing forces, which are capable of up- 
heaving the deposits that have been formed on the sea- 
bottom, and of piling up fresh stores of solid matter upon 
the surface of the earth. 

Rise and fall of land.—It will be shown presently 
that a large part of southern and eastern Britain has 
evidently, at some time or other, been buried beneath 
the sea; also that the same may be inferred of the rest 
of the British Isles, though the evidences are not every- 
where so conspicuous: it is therefore clear that elevatory 
forces must have been at work to lift up the sea-bed and 
expose it as dry land. Nor has such movement been 
effected once only. Any one who seeks to read the history 
of the rocks will be forced to conclude that the level of the 
land has changed again and again, rising at one time and 
falling at another. Probably such changes have been 
effected for the most part quietly rather than violently ; by 
slowly-acting forces working through long periods of time, 
rather than by sudden disturbances. 

The land is subject not only to sudden rises and falls 
such as accompany earthquakes, but also to local elevations 
and depressions so gradual as to escape ordinary observation ; 
and it is probable that such gradual oscillations of the land 
are, in the long run, of far greater importance in the 
economy of nature than those abrupt movements which 
occur only at intervals. 

Oscillations of land.—The coast in the neigh- 
bourhood of the Bay of Naples,! that is, near the foot 
of Vesuvius, shows unmistakable signs of having changed 
its level more than once, although the changes have 

1 <* Rarth-movements in the Bay of Naples.” By R. T. Giinther. 
Geographical Journal, August and September, 1903. 
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been so gradual that the inhabitants have not been 


conscious of the movement, but have only noticed its | 


effect in an apparent change in the water-line. Many of the 
rocks are marked with lines of wave-erosion at various 
heights above the present water-level, the greatest differ- 
ence being as much as 23 ft.; again, the ruins of many 
ancient buildings lie under the water, their bases being some- 
times as much as 17 ft. beneath the surface. It is clear 
that when the buildings were erected the ground on which 


they stood must have been at least 17 ft. higher than at — 


present; while at some other time it must have been 
lower, as much as 23 ft. lower in some places; the differ- 
ence between the extremes of level being 40 ft. 

The evidence of change of level was first noticed in the 
ruins of the so-called Temple of Serapis at Pozzuoli. The 
base of this building is now covered with water; but 
three tall marble columns stand to a height of some 
40 ft. above the water. These columns nevertheless show 
signs of having been formerly immersed several feet deeper 
than at present. A very noteworthy feature is, that at a 
height of more than twelve feet from the ground the 
columns are marked with holes made bya rock-boring shell- 
fish, such as inhabits the neighbouring sea. These holes 
are quite characteristic, being pear-shaped depressions, at 


ee 


the bottom of which the little animal dwells, and where its — 


mussel-like shell remains after its death. 

The so-called temple was of course built above the sea- 
level, but has evidently been submerged beyond the holes 
bored by the molluscs, and been again raised. In fact it 
was well above water at the beginning of the nineteenth 
century, and has since then sunk again to its present level. 

It needs scarcely a moment’s consideration to show that 
these effects cannot be attributed to changes in the sea- 


level; for the marks of the former wave-erosion are at 


different heights on different rocks and buildings, whereas 


; 


4 
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we know that water, whether it rose or fell, would retain a 
level surface, except for the oscillation of the tide; and 
the tide in the Mediterranean is so slight as to be quite 
inadequate to account for such differences. 


oe Be rag 
ee bales Scand 


i re Eee korea 


Fic. 145.—Temple of Serapis, Pozzuoli. October, 1903. From a photograph by 
Prof, H. J. Johnston-Lavis. 


Slow changes of level.—Slow movements of the land 
are by no means confined to regions subject to volcanic 
disturbances. Few countries in the world, perhaps, have 
been more free from such disturbances than Scandinavia. 
Yet direct measurement has shown that the northern part 
of this peninsula is slowly rising, while the southern part, 
curiously enough, appears to be suffering depression. In 
such a case as this, where movements in opposite directions 
are simultaneously going on, it is useless to think of 
attributing them to any movement of the sea. For a 
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change of sea-level implies a general change, whether of rise 
or fall; and it is therefore absurd to assume a rise In One 
place and a fall in another at the same time. 
Submerged valleys —The long arms of the sea which 
penetrate the mountainous ridge on the west coast of 
Norway for distances up to about one hundred miles, afford 


Fic. 146.—Head of Geiranger-Fiord, Norway. Reproduced, by kind permission, 
from a photograph by Dr. F. J. Allen. 


evidence of the depression of land. There is little doubt 
that these fiords were carved out by the action of glaciers 
and rivers when the table-topped mountains or - fields of 
Scandinavia were protected by imperfectly consolidated 
snow or névé (p. 169). Since that epoch the land has 
been depressed and the sea has been admitted into the deep 
gorges produced by glacial erosion. The fiords of Norway 
thus represent submerged mountain valleys ; and the long 
lochs on the west coast of Scotland are of the same character. 
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Inland lochs, such as Loch Lomond and Loch Maree, would 
in a similar way be converted into fiords by the depression 
of land near their basins below sea-level. 

Evidence of elevation.—In the British Isles there is 
no lack of evidence to show that the level of the land has 
been frequently disturbed, though the oscillations within the 
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Fic. 147.—The N4aré-dal, Norway: an ancient glacier valley which becomes a fiord 
at its lower end. Reproduced, by kind permission, from a photograph by Dr. 
F. J. Allen. 
memory of man are hardly so well marked as in the cases 
previously cited. Visitors to certain parts of the coast of 
Britain may note a terrace of sand and gravel, mixed 
perhaps with sea-shells, and having all the appearance of a 
deserted beach, which fringes the shore at a height far 
beyond reach of the highest tides. Such accumulations 
must have been formed along a line of shore, and afterwards 
elevated to their present position, whence they are termed 
raised beaches. A raised beach is therefore an index of 
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elevation of the land. And it appears that this elevation 
must have been effected, in part at least, since the country 
was inhabited. For the upraised deposits of silt which 
skirt the estuary of the Clyde have yielded relics of human 
workmanship, such as rude canoes, that were originally 
buried in the mud and sand of the old estuary, though they 
are now found several feet above high-water mark. 
Submerged forests.— Evidence of the depression of land 
in Britain is just as conclusive as that of elevation. It is 
sometimes possible to see at low tide, in the estuary of the 


Fic. 148.—Forest bed at Leasowe, Cheshire, made up of peat, upright stools of trees, 
and roots of the oak, fir, birch, and other trees. The bed is under 6 feet of water 
at high tide. Photographed by Mr. C. A. Defieux. 


Thames, the remains of a vast forest, with the stools or 
stumps of the trees still rooted in the old soil, now sub- 
merged to a depth of perhaps twenty or thirty feet. below 
high-water. ‘The relics of this ancient forest show that it 
must have supported a rich growth of yew, pine, oak, alder, 
and other trees. Now, as these trees do not grow in water, 
it is evident that the land on which they flourished has been 
depressed. It is not, however, only at the mouth of the 
Thames that such evidence of subsidence is to be found ; 
for similar submerged forests may be seen at low water at 
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many points of the British coast, especially in Devon, Corn- 
wall, Wales, and the Ieasowe Shore, Cheshire (Fig. 148). 

Land once under water.—Raised beaches and sub- 
marine forests are not the only evidence which the geologist 
can cite to prove that the surface of the British Isles has 
suffered frequent changes of level. Nor are they by any 
means the strongest. Indeed, their value lies chiefly in the 
fact that the movements which they register are of compara- 
tively recent date. That there have been variations of level 
to a much greater extent at more remote periods is abund- 
antly testified by the strata in almost any part of the country. 
For “example, London is seated on clay which, as already 
pointed out, must have been deposited under water in the 
state of mud. But as in many parts this clay contains the 
remains of marine shell-fish, such as the nautilus, there can 
be no doubt that the mud in such places must have been 
originally thrown down out at sea. The clays, sands, and 
other deposits below the London clay, already referred to 
under the name of the Lower London Tertiaries (p. 27), have 
been formed, some in salt and others in brackish water, 
as is testified by the character of the shells which they con- 
tain. As to the chalk, which lies in a mass of vast thick- 
ness immediately beneath these deposits, it will be shown in 
a subsequent chapter that it abounds with the remains of 
creatures which once lived in the depths of the sea. If, 
then, these rocks are for the most part old sea-bottoms, it is 
clear that great upward movement must have taken place 
to raise them into their present situation. 

Horizontal and contorted strata.—The rocks have 
not only been uplifted, but in many cases have been sub- 
jected to some disturbing action by which they have been 
more or less contorted. The section in Fig. 24, p. 26, shows 
that the strata beneath London lie in a gentle hollow, pur- 
posely exaggerated in the diagram, but still sufficiently marked 
in nature to suggest the name of ‘London Basin.” Sup- 


220 _PHYSIOGRAPHY CHAP. 


posing they had been originally deposited in a depression of 
the sea-bottom, the layers would have been thrown down 
almost horizontally, as in Fig. 149, and not in curved layers 
of equal thickness as in 
Fig. 150, such as are really 
found innature. ‘The pre- 
sent position of these rocks 
is therefore explained by 
supposing that the strata 
were originally horizontal, 
and have been thrown into 

Vide a basin-like shape since 
Fic. 150.—Strata thrown into a basin-shape. their formation. The dis- 
turbance to which they 
have been subjected is yet more strikingly seen if a section 
be taken across, not only this basin, but across another 
area of similar character, known as the Hampshire basin. 
Fig. 151 is a section from Abingdon in Berkshire, through 
Hampshire and across the Solent to the Isle of Wight, 
the vertical scale being about twenty times greater than 
the horizontal scale. Here the strata, originally almost 
horizontal, have been thrown into a succession of gentle 
undulations, rising to a crest in one locality and falling 
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Fic. 151.—Section from Abingdon to the Isle of Wight. Vertical to horizontal 
scale as 20 to 1. 


toa trough at another. There can be little doubt that 
the Eocene rocks, including the London clay, once spread 
over the whole surface of this chalk, but have since 
been removed from the high ground by denudation, leaving 
isolated tracts separated by intervening patches of bare 


Lof Wight 


a 


XI MOVEMENTS OF THE LAND 221 


chalk. In the Isle of Wight the beds have been so greatly 
disturbed that the chalk strata stand almost on end, as is well 
shown by the bands of black flints which run in almost vertical 
lines (Fig. 152). Incidentally it may be remarked that when 


Fic. 152.—High Down, near Freshwater Bay, Isle of Wight. Chalk cliffs with 
nearly vertical bands of flint. From a photograph by Mr. W. Jerome Harrison. 


strata lie in this shape ~ they are said to forma synclinal,! 
and when in this form — an anticlinal.? The strata in the 
south-eastern part of England have been but little dis- 
turbed ; but, among the old rocks of Wales and other 
parts of western Britain, it is not uncommon to find the 
beds thrown into a succession of sharp anticlinals and 
synclinals, the strata being sometimes doubled up or even 
inverted (Fig. 153). 

Broken strata.——During the disturbances to which 
strata have been subjected since their original deposition, 


1 Synclinal, from abv, syn, with; and KAlva, klino, I lean. 
2 Anticlinal, from av, anti, against ; and KAive. 
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it has frequently happened that the rocks have been broken 
and dislocated, as represented in Fig. 23, p. 25; where the 
series of beds, 
on one side of 
the fracture or 
fault, have been 
thrown down to 
a much __ lower 
level than that 
occupied by the 
strata on the op- 
posite side. 
Even in an area 
so little disturbed 
as the London 
basin, such dis- 
locations of the 
strata may be 
detected; and 
indeed a_ con- 
siderable fault 
runs along part 
Re at ic he eee 
Mr. W. Jerome Harrison. the Thames _be- 
low London, the 
beds on the north being thrown down to the extent of 
too feet, or even more. 

Rock folding by pressure.—By careful examination 
of disturbed strata we learn that they have very seldom 
been lifted by pressure from below, but nearly always by 
lateral pressure, the rocks having been squeezed into a 
smailer—sometimes much smaller—area than they previously 
covered. It is evident that the rocks would yield to lateral 
pressure by bending at the places of greatest stress or greatest 
weakness ; also that the folds would be most pronounced in 
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the upward direction, that being the direction of least 
resistance (Fig. 154). The folding has been attended with 
various degrees of elevation, over-riding, fracture, crushing, 
and even melting. The phenomena can be imitated on a 
small scale by applying pressure to the sides of a pile of 
cards ; when it will be seen that the cards rise in the middle, 


Fic. 154.—Folds produced in layers of clay by the contraction of an indiarubber 
and upon which the clay rested. 


and become crumpled, cracked, or disintegrated, according 
to the degree of compression. To make the experiment 
more complete, the cards should rest on a firm cushion, 
allowing a limited movement downward: for the internal 
substance of the earth is able to yield in a measure to 
downward pressure, so that some regions of the folding 
strata move downwards, though seldom to the same degree 
as the other regions escape upwards. 

The chief cause of lateral compression of the rocks is 
believed to be as follows :—The interior of the earth is at a 
high temperature,! but is constantly losing heat by con- 
duction through the crust into space. As the temperature 
falls the interior shrinks: but the crust does not shrink 
correspondingly, for its temperature remains nearly constant. 
The result is, that the crust is always larger than the 
foundation it rests on; so there must always be lateral 
pressure, which makes itself felt by folding and crushing 
the weaker regions. 

Torn rocks.—But while the average result is com- 
pression, there are some points where stretching occurs, 
with production of rents and underminings, and consequent 

1 To be explained in next chapter, 
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subsidence of surface. Stretching movements are specially 
liable to cause faults, in contrast to the crushing produced 
by compression. For, when a rent is formed, the separated 
rocks fall into new positions with their strata dislocated or 
“faulted.” The mechanism of stretching movements is less 
easy to understand than that of crushing movements, 
especially when the stretching occurs on a large scale: but 
in any case crushing predominates in the earth’s crust; and 
stretching in one 
direction is gene- 
rally secondary to 
compression in 
another. It should 
be understood that 
the secular con- 
traction of a globe 
cooling in space 
does not provide 
an adequate ex- 
planation of all 
the movements of 
elevation and de- 
pression of the 
earth’s crust, but a discussion of the subject in detail is 
beyond the province of this book,! 

ache movements of the crust are probably modified by 
the gravitation of the sun and moon, for the land is subject 
to the same alternations of attraction that produce the tides 
in the sea. No doubt the effects on the land are incompar- 
ably smaller than those on the ocean; nevertheless in the 
course of ages the small effects may accumulate, determining 
in some measure the direction in which the crust shall shift. 


1 Other causes capable of producing the various land forms are 
described by Mr. Mellard Reade in The Evolution of Earth Structure 
with a Theory of Geomorphic Changes. (Longmans, 1903.) : 
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CHAPTER XII 
MOVEMENTS OF THE LAND (continued) 


II. EARTHQUAKES AND VOLCANOES 


Sudden fractures of land.—While the folding move- 
ments of the land, as described in the previous chapter, go 
on for the most part unobtrusively, it happens now and 


Fic. 156.—Railway bridge and embankment broken by an earthquake. From The 
Great Earthquakes in Japan, by Profs. J. Milne and W. K. Burton, 


again that the pressure, or sometimes tension, accumulates 

until it becomes relieved by a sudden slip or fracture at a 

weak spot. The resulting sudden movement is felt as an 
H. & G. P. Q 
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earthquake, and a permanent change is often produced in 
the surface of the land. The change, though invisible in 
milder cases, is unmistakable after a severe earthquake. 
For example, the whole of the disturbed rocks may be 
shifted upwards; or one part may move up and another 
down ; or again, the movement may be sideways, one part 
sliding against another. 

During a severe earthquake in Japan in 1891 a great 
fault, forty miles long, was formed in the valley of Neo. On 


Fic. 157.—Fault caused by the great Japanese earth 
uake of Octob 
the Geographical appears cami 


one side of this fault the ground subsided in places nearly 
twenty feet and was also displaced horizontally. Apart 
from the destruction of towns and buildings, the result of 
the earthquake was greatly to modify the physical geography 
of an extensive area, changing the courses of streams and 
their rate of flow, forming swamps, and in many ways 
accelerating the gentler processes of surface change by 
erosion. Similar displacements were caused by the Assam 
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earthquake of 1897, no less than ten thousand square miles 
of country being affected by this disturbance. 

Upheaval of land.—But more pronounced than the 
changes of relative level on opposite sides of a fissure 
(Fig. 157), and the effect of lateral compression (Fig. 158), 
though not so easily represented pictorially, is the upward 


Fic. 158.—Effect of the Indian earthquake of June 12, 1897. From a report of the 
Survey of India. 


movement which sometimes occurs over extensive areas. Per- 
haps the best recorded example of such upheaval is that which 
was observed by Admiral Fitzroy and Charles Darwin when 
examining the western coast of South America. This region 
is peculiarly subject to subterranean disturbances, and in 
1835 a violent earthquake, which destroyed several towns, 
was felt along the coast of Chile, extending from Copiapo 
Q2 
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to Chiloe. It was found, after the shock, that the land in 
the Bay of Concepcion had been elevated to the extent of 
four or five feet. At an island called Santa Maria, about 
twenty-five miles south-west of Concepcion, the upheaval 
was easily measured, vertically, on the steep cliffs ; and the 
measurements showed that the south-western part of the 
island was raised eight feet, while the northern end was 
lifted more than ten feet high. Beds of dead mussels 
were, in fact, hoisted ten feet above high water mark ; and 
an extensive rocky flat, previously covered by thesea, was 
exposed as dry land. In like manner, the bottom of the 
surrounding sea must have been elevated, for soundings all 
round the island became shallower by about nine feet. It 
is true there was a partial subsidence shortly afterwards, but 
this was far from sufficient to neutralise the upheaval, and 
the net result showed a permanent elevation. It is considered 
probable that the greater part of the South American coast 
has been raised several hundred feet by a succession of such 
small upheavals. 

New land.—When an area is thus raised, the 
addition suddenly made to the mass of dry land may be very 
considerable, and will compensate for the effects of denuda- 
tion continued through a long period. For example, during 
an earthquake which occurred in Chile in 1822, 100,000 
square miles were permanently lifted about four feet, which 
means that about fifty-seven cubic miles of material were 
added to the South-American continent. If a single convul- 
sion of this kind can thus raise such an amount of solid 
land from beneath the waters, it is obvious that these move- 
ments must be of great service in renovating the surface of 
the earth, and in bringing new material within reach of the 
ever-active agents of denudation. Several similar instances 
have been recorded; thus, as the result of the Cutch 
earthquake of 1819, two thousand square miles of land were 
converted into an inland sea, while at the same time a strip 
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of land fifty miles long and ten miles broad was elevated ten 
feet. 

Study of earthquakes.—In the middle of the last 
century a good deal of attention was paid by R. Mallet to 
the study of earthquake phenomena, or Seismology,! and 
more recently the subject has been studied minutely by 
Prof. J. Milne and others. In Japan, where earthquakes are 
very frequent, much information has been acquired through 
systematic observations and experiments carried on under 
the auspices of the Japanese Government. 

In the investigation of earthquakes, sensitive instruments 
called seismometers are used. These are affected even by 
very slight movements of the ground on which they are 
fixed ; and when a shock occurs the seismometers auto- 
matically make tracings on photographic paper, or a 
smoked surface, showing the direction and intensity of the 
movements, and the exact time of their occurrence. 

Two causes of earthquakes.—While the greater 
earthquakes may be attributed to the rock-folding move- 
ments already mentioned, many minor earthquakes are 
believed to be produced by steam, which may accumu- 
late at great pressure in some closed space, until at last 
it overcomes the resistance and bursts into some subter- 
ranean fissure. Sudden escapes of steam seem to occur 
also on the floor of the sea, in which case very sharp 
and noisy concussions are produced ; for the steam first 
suddenly expands, and is then suddenly condensed by 
contact with the cold water, so that a double movement is 
the result. But though escapes of steam, whether under 
water or under ground, can cause such sharp vibrations as 
to do serious damage to buildings, they are not likely to 
produce permanent changes of level in the rocks. 

Land waves caused by shock.—When a sudden 
moyement of the land occurs, whether through slipping 


1 From ceiopds, sezsmos, a shock or earthquake. 
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of the rocks, escape of steam, or other causes un- 
known, the shock spreads in all directions in the form 
of waves: for the rocks, however rigid they may seem, 
are nevertheless capable of slight compression, stretching, 
and bending; being elastic, however, they spring back to 
their original form, but spring too far, and thus oscillate 


like any other elastic substance until the energy of the shock | 


is dispersed. Thus these earth movements are comparable 
with sound waves produced by concussion of the air, though 

‘it is of interest that earth waves travel much faster than air 
waves. Sometimes the earth waves, being communicated 
to the air also, are audible as a rumbling noise, resembling 
distant thunder. 

Sea waves caused by earthquake.—When an 
earthquake affects the floor of the sea, great oscillations of 
the water may be generated ; and these, when they reach 
the shore, may form huge breaking waves which do more 
damage than the earthquake on which they follow. This 
was the case in the great earthquake of Lisbon in 1755 ; 
and in June, 1896, the coast of Japan was devastated by 
three great waves, the largest being about fifty feet in height, 
which caused the destruction of twenty thousand lives and 
twelve thousand buildings in a few minutes. The earthquake 
which gave rise to the latter waves originated in a deep 
trough of the ocean floor, known as the Tuscarora deep, a 
short distance from Japan ; and the tide-gauges at Honolulu 
and Sausalito (San Francisco), which are 3,590 and 4,790 
miles from the point of origin, recorded the disturbance of 
the sea 7hrs. 44min. and rohrs. 34min. respectively after 
the time at which the earthquake occurred. 

Earthquake autographs.—An extraordinary wave 
which overwhelmed many of the Society Islands in January, 
1903, seems also to have had its origin in an earthquake, for 
a disturbance competent to produce such an effect was 
registered by instruments in Prof. Milne’s seismological 
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station in the Isle of Wight. The records thus obtained 
showed that a great earthquake or eruption on the ocean 
floor occurred at a distance of about 137° from the Isle of 
Wight, and therefore probably to the east of Tahiti—where 
the great sea wave occurred—on the day of the disaster. 

A large earthquake gives rise to a series of waves which 
travel through the earth and around its surface. The first 
indication of an earthquake indicated by seismometers 
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Fic. 159.—Typical diagram of successive phases of earthquake motion recorded by 
aseismometer. (Omori.) 
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Fic. 160.—Record of the eruption of Mont Pelée on May 8, 1902, obtained by 
Prof. J. Milne in the Isle of Wight. 


consists of a group of movements, known as preliminary 
tremors, which travel along straight lines through the interior 
of the earth with a velocity of about 54 miles per second, and 
therefore pass from one side of the earth to the other, along a 
diameter, in about twenty-two minutes. The tremors repre- 
sent the shortest waves, and their velocity is practically 
constant: they are followed by longer waves, and these are 
succeeded by the largest kind of earthquake waves, which 
travel avound the earth from the centre of disturbance with a 
velocity of nearly two miles a second. Prof. Milne’s observa- 
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tions show that preliminary tremors reach a place 80° from 
their origin in about fifteen minutes, whilst the large waves 
take about fifty minutes. By noticing the interval between 
the arrival of the two kinds of movement, it is thus possible 
to determine the approximate distance of the disturbance 
from the observing station. 


Frequency of earthquakes.—Although earthquakes” 
which cause perceptible movements of the ground or ~ 


buildings are happily rare in our own country, there are 
many parts of the world, Japan, for instance, where they are 
of frequent occurrence. About fifty earthquakes which shake 
the whole mass of the earth occur every year; and the 
regions in which they originate can be discovered by 
reading the messages they write upon suitable recording 
instruments. 

Readjustments of furrow and ridge either on land or 
under ocean water usually accompany these world-shaking 
earthquakes, and they often lead to outbursts of volcanic 
activity. There are, however, about ten thousand small 
earthquakes every year in various parts of the world, and 
these do not seem to bear any relationship to volcanic 
action. 

Even in England we are occasionally reminded that the 
solid land beneath us may be shaken by the slipping or 
shifting of great masses of rock at one point. During an 
earthquake on December 17, 1896, injury was done to 
buildings within a region containing about four thousand 
square miles, and extending from Tortworth (Gloucester) 
to Manchester. The rate of progress of the earthquake 
wave appears to have been about thirty miles a minute from 
Hereford as a centre. 

Depth of disturbance.—One of the results of 
seismological investigations has been to show that the origin 
of the disturbance is usually not deep-seated in the interior 
of the earth. In most cases where data have been available 
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for calculation, the depth has been found to be between 
two and ten miles. In rarer instances the depth has been 
calculated as considerably deeper, even up to fifty miles: 
but even so, this is but a very small fraction of the earth’s 
diameter. 

Permanence of ocean floors.—The floor of the deep 
ocean, so far as it has been investigated by soundings,! 
shows but little evidence of the folding and crushing which 
are so unmistakable in the dry land. In fact it appears that 
the effects of earth movements have always been concen- 
trated in the land areas and the shallow seas, while the beds 
of the deep oceans have been but little disturbed. In 
other words, the higher parts of the earth’s surface, though 
repeatedly raised above the sea and immersed again, have 
never been carried to the lowest depths ; nor has the floor 
of the deepest oceans ever been raised above water. The 
principal land. areas and ocean areas have thus not changed 
their relative positions since the time when they first began 
to be differentiated one from the other. 

This state of things is in accord with the accepted theory 
of the folding of the earth’s crust as the result of the 
shrinking of the interior. It was explained on page 223 that 
when the weak spots yield to pressure they must shift mostly 
upward; but the land and shallow sea are formed of just 
the weak parts which have risen in this way. Again, when 
once a weak part has given way, every subsequent stress 
that occurs in the crust must tend to find relief by further 
_ yielding of the same weak part; just as, after an egg has 
been cracked, pressure applied to any part of the shell 
causes further yielding of the cracked spot. Thus the land 
bears the brunt, not only of the disturbances belonging 
to itself, but also of the stresses conveyed to it by the 
unyielding bed of the ocean. 

Distribution of voleanoesandearthquakes.—Those 

1 See further in Chapters XIV. to XVI. 


eat 
—_* 
} 


234 PHYSIOGRAPHY CHAP. 


parts of the world where great movements of the land are — 
in progress are often, though not always, characterised by : 
the presence of volcanoes. For instance, the shores of the — 
Mediterranean Sea are subject to earthquakes as well as to ; 
slow movements, and near its centre are the volcanoes of — 
Etna, Vesuvius, and the Lipari Islands. Japan is a land of i 
earthquakes and volcanoes ; and South America, where the ; 
greatest land movements have been observed, has many 


Photo. Sommer, Naples. 
Fic. 161.—Vesuvius in the year 1880. 
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volcanoes, among which Cotopaxi is the most familiar by 
name. ‘Though eruptions have long since ceased in Britain, 
the rocks of our islands, especially in the north and west, 
show evidence of great volcanic activity associated with 
great movements in former geological periods. 

In fact, a volcano is probably an extreme result of earth 
movements. It seems that in places where the rocks have 
been intensely displaced and crushed, a rupture may be 

» made to such a depth as to give exit to melted rock, steam 
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and gases, from the deeper parts of the earth. The origin 


- of this material and the cause of its heat will be considered 


later: for the present it will be profitable to note the 
phenomena of an eruption. 

Voleanie eruptions.—After preliminary warnings in 
the form of earthquakes, the eruption begins with the 
escape of large volumes of steam and other gases, with 
showers of dust and hot volcanic ash, accompanied or 
followed by streams of molten rock, known as lava. The 
ejected materials accumulate around the orifice, where 
they form a cone-shaped mound or hill. Such a hill is 
called a volcano,! or popularly a “burning mountain.” It 
must be borne in mind, however, that it does not “burn” 
in the sense in which a fire burns, but it merely offers a 
channel through which heated matter is erupted from below. 
It differs again from an ordinary mountain, in that it is 
simply a heap of loose materials and once melted matter, 
which has been piled up, layer after layer, around a hole 
leading down to the interior of the earth. 

Structure of a voleano.—If a volcano were cut 
through, it would probably present a section something like 
that shown in Fig. 162. Here a channel has been opened 
through strata originally horizontal, and the ejected matter 
has fallen all round the orifice in conical layers, each form- 
ing a mantle thrown. irregularly over the preceding layer, and 
sloping in all directions away from the central chimney. 

At the mouth of the volcanic pipe there is usually a 


- funnel-shaped opening known asthe crater. Fragmentary 


materials falling back into this cup, or rolling in from the 
sides, form layers which slope /owards the vent, and there- 
fore in the opposite direction to the dip of the volcanic beds 
which make up the mass of the mound. The molten 
matter which wells up the throat of a volcano cements the 
loose ashes and cinders into a compact mass, where it comes 


1 Volcano, Italian vudcano, from Vulcan, the Roman god of fire. 
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in contact with them, and thus forms a hard stony tube 
lining the volcanic chimney. 


Fic. 162.—Diagrammatic section of a volcano, showing dykes and minor cones, 


Phenomena of a voleanic eruption.—At the 
beginning of an eruption, clouds of steam are copiously 
belched forth, showing that water has its part to play even in 
these fiery phenomena (Fig. 163). The steam generally issues 
spasmodically, each puff giving rise to clouds which shoot 
up to a great height, and are either dissipated or condensed 
in torrents of rain. Associated with the steam are various 
gaseous exhalations, most of which, however, are not com- 
bustible. Hence the appearance of a column of flame, 
often said to be seen issuing from a volcano, must gene- 
rally be an illusion, due to illumination of the vapours, 
partly by the red-hot stones and ashes shot out at the 
same time, and partly by reflection from the glowing walls 
of the pipe and from the surface of the molten matter 
below. In the early stages of an eruption, huge fragments 
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of rock may be ejected ; for when, after a period of repose, 
the pent-up steam and gases at last gain vent, they violently 
eject the materials which have accumulated in the throat of 
the chimney and choked its opening. Masses of rock, some 
as much as nine feet in diameter, are said to have been cast 
forth from the great volcano Cotopaxi, in Quito, during the 


Photo. ; Sommer, Naples. 


Fic. 163.—Eruption of Vesuvius in 1892. 


eruption of 1553, and to have been hurled to a distance of 
more than fifteen miles from the mountain. 

At the beginning of the tremendous eruption of Krakatoa 
in Java, which occurred in 1883, a mass of rock calculated 
to measure something like a cubic mile was suddenly dis- 
lodged by the explosive expansion of steam and gases. ‘The 
rock, falling into the sea, caused a wave which wrought 
disaster on the neighbouring coasts. The sound of the 
explosion was heard as far off as Queensland, 3,000 miles 
distant ; and the concussion which it caused in the atmo- 
sphere was recorded by barometers in all parts of the world. 
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‘ Yoleanic ash and dust.—During an eruption, ashes — 
are commonly ejected in great quantity, but it must be 


Fic. 164.—A puff from the Soufriére, St. Vincent, March 3, 1903, Photographed : 
for the American Museum of Natural History by Prof. E. O. Hovey, and 
reproduced by kind permission of the Museum. 


borne in mind that the materials so called are very different — 
from the partially-burnt fuel of the domestic hearth. Volcanic | 


Fic. 165.—Steam escaping from beds of volcan 
Soufriére. Photographed for the American Museum of N 
Prof, E. O. Hovey, ‘and reproduced by kind permission of the 


ic ash flowing down the flanks of the 
atural History by 
Museum. 


. 
. 
“= 


cated, by a sud- 
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ashes are, in fact, nothing but fragments of lava, or partially- 
fused rocky matter, rendered porous by the presence of 
steam. When lumps of this lava are shot forth from the 
volcano, the liquid is broken up by the rapid motion, and 
cooled by contact with air, so that it falls in the form of 
spongy fragments, resembling ashes and cinders. In some 
cases, generally by the sudden expansion of steam between 
its particles, the lava is broken to fine dust. In the course 
of the eruptions of Mont Pelée in Martinique, West Indies, 
in May, 1902, the town of St. Pierre was destroyed, and 
all its inhabitants 
save one suffo- 


den outburst of 
scalding vapour 
and gas loaded 
with such dust. 
Dense clouds 
of dust have been 
known to darken 
the sky for miles 


Fic. 166.—Block ejected from Mont Pelée during the 


around a vol- eruption of May 8, 1902, and projected to a distance 

h of 14 miles from the crater. Photographed for the 
cano, and have American Museum of Natural History by Prof. E. O. 
been wafted by Boveyat and reproduced by kind permission of the 


winds for even 

hundreds of miles. It is an interesting fact, shown by the 
examination of the sea-bottom by the Cha//enger expedition, 
that volcanic detritus is almost universally distributed over 
the floor of the deep sea. 

During the eruptions of Mont Pelée already mentioned, 
and of the Soufritre on the neighbouring island of St. 
Vincent, which occurred at the same time, the dust fell 
thickly on other islands of the group, as well as on the sea. 
For instance, on Barbados, too miles, to windward, the 
quantity which fell was several tons to the acre. Two views 
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of some of these dust particles, photographed with a micro- — 
scope magnifying them by about eight times their linear — 


tanks due to masses ejected from Mont Pelée during the eruption of May 8, 
Se Photographed for the American Museum of Natural History by Prof. 


\ 
Fic. 167.-—Ruins ere a great distiller? at St. Pike ae tae the haat in fee iron 
E. O. Hovey, and reproduced by kind permission of the Museum. 


measure, are shown in Fig. 168. In one of the pictures the 

particles were illuminated from above, and in the other the | 
light shone through them from below, so that the difference — 
of transparency of the particles can be seen. | 


Fic. 168.—Volcanic dust particles from the Soufriére, collected at Barbados. 
Magnified about eight diameters. A, view by reflected light; B, By transmitted 
light. Reproduced, by kind permission, from photographs by Mr. T. C. Porter. 
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The finest particles of dust remain suspended for weeks 

or even months in the atmosphere and may be conveyed by 

’ wind to all parts of the world. The action of this dust 

upon sunlight gives rise to remarkable sunrise and sunset 

effects, such as were seen after the eruption of Krakatoa in 
1883 and the West Indian eruptions in 1902. 

When the steam, which is abundant in most eruptions, 
condenses in torrents of rain, the volcanic dust is frequently 
worked up into a hot mud which rolls down the hill ina 

_ sluggish stream, burying everything before it. Herculaneum 
was sealed up by a crust of volcanic mud discharged from 
Vesuvius; while Pompeii was overwhelmed by a vast 
accumulation of dust and ashes during the same eruption. 

Lavas.—The partially-molten rock called lava rises up 
in the volcanic pipe, and may eventually run over the lip of 
the crater, or 
force its way 
through cracks in 
the hill, forming 
red-hot streams 
which generally 

present a consist- 
ence something 
hike-that of 
treacle. These ;, 

fava torrents “are Photo. F f G.W. Wilson. 

Fic. 169.—Lava in the crater of Kilaula, Hawaii. 

often of great 

magnitude ; thus, it was estimated that in the famous erup- 
tion of Skaptdr Jokull! in Iceland, in 1783, the mass of 
lava brought up from subterranean regions was equal to 
the bulk of Mont Blanc. The lava rapidly cools on the 
surface, though long retaining its heat beneath the protecting 
crust ; and ultimately the entire mass solidifies, forming a 
hard rock, more or less like a slag from an iron-furnace. 


1 The pronunciation is approximately Yeckill. 
H. & G. P. R 
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In different specimens, however, the lava exhibits grea 
variations ; some being dark-coloured and compara 
heavy, while others are lighter in colour and much less: 
dense; in some cases the rock is compact, while in other 
it is spongy or cindery, when it is said to be scoriaceous, 
The little cavities or vesicles in this scoria,! or cellular lava, 


Photo, - G. W. Wilson. 


Fic. 170,—Crater of Kilauea, Hawaii. A lake of lava covering an area of about 
four square miles. 


are formed by the disengagement of bubbles of gas o 
vapour, when the matter is in a pasty condition ; just as the 
porous texture of a piece of bread is due to the presence o: 
bubbles of gas evolved in the fermentation by yeast. The 
stone largely used for scouring paint under the name o 
pumice,” i is a lava of very porous texture ; its name recalling 
its origin as the froth or scum of a Sometimes the 
masses of lava, being tossed into the air, are rotated during 
their flight, and fall as more or less rounded bodies, known 
as volcanic bombs. Occasionally a very liquid lava may be 
caught by the wind, and drawn out into delicate fibres, like 


a ae Tati ’ ; 
Scorta, volcanic cinder, from Lat. scorza, *‘ dross.” 


2 Pumice, from the Lat. pumex, formerly spumex, allied to spuma, 
“froth.” ; 
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spun glass: this beautiful form is very abundant at Kilauea, 
_ a volcano in Hawaii, one of the Sandwich islands, where it 
_ is known as Pélé’s hair, its name being borrowed from 
‘ that of an old goddess who was supposed to reside in the 
__ crater. Other lavas again are vitreous, and strongly resemble 
_ dark-coloured bottle-glass, when they pass under the name 
_ of obsidian. This kind of lava was largely used by the 
ancient Mexicans for making rude knives and other cutting 
_ instruments ; and a hill in northern Mexico, formerly worked 
for this material, is still known as the Cerro de Navajas.} 
_ _Voleanice cones.—A volcanic cone sometimes maintains 


7 


_ its symmetrical form while attaining a great height. A 


pr Poe rea 


Fic. 171.—Fuji-san- or Fusiyama, Japan. A dormant volcano. The last eruption 
occurred in 1707. From a photograph. 


remarkable instance of this is the beautiful volcano of 
_ Fuji-san in Japan, 12,000 feet in height (Fig. 171). But 
more often disturbing influences lead to rupture of the cone, 
and the addition of excrescences. For example, it often 
4 happens that the lava which wells up in the pipe of a 
volcano, breaks by its sheer weight through the rim of the 
crater, or even breaches one side of the conical hill. Fig. 
172 represents a group of small extinct volcanoes in Central 
_ France, showing cones which have been broken through in 
1 Spanish, Hill of Knives. 
R 2 
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this way. In some cases the flanks of the cones are rent, 
and lava is then injected into the cracks, forming, when 


Fic. 172.—Breached cone of an extinct volcano, Puy de la Vache, Auvergne. From 
a photograph by Prof. H. J. Johnston-Lavis. 


cold, huge rocky ribs known as dykes. In other cases, 
the chimney gets 
choked by a plug 
of hard lava, and 
new vents may 
then be opened on 
the side of the 
cone. Fig.162is ar 
ideal section of a 
volcano, showing 
the dykes of lava 
running through 
the stratified de 
posits, and also 
showing two minor 
cones, thrown up 
at points where the 


: volcanic matte 
Fic. 173.—Basalt dyke traversing chalk and basalt ; 
lavas, Cave Hill, Belfast. has been able to 


Photo. "Bs Were 


_ x MOVEMENTS OF THE LAND 246 
- force its way to 
Sethe surface. 
~ Mount Etna is 
remarkable for 
~ having its flanks 
studded with 
parasitic cones, 
some of which 
_ are of consider- 
able size, one be- 
ing upwards of 
goo ft. in height, 
After a volcano 
has. long been 
silent and the 
large crater has 
been more or crater on June 13, 1903, by Prof. A. Heilprin. 
less filled, partly 
by ejected materials which had fallen back into the 
cavity during the last eruption, and partly by matter 


Photo. Valentine and Sons. 


Fic. 175.—Tantallon Castle and the Bass Rock, Canty Bay, N.B. The isolated 
rock is the plug or neck of an ancient volcano, and marks the position of a vent 
formerly filled with molten rock. 
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washed in by rain, renewal of activity through the old 
channel may give rise to the formation of a new cone 
seated within the old crateral hollow. Great changes — 
may indeed be effected in the character of a volcano by 
successive eruptions, new cones being thrown up at one 
time, and old ones obliterated at another. The curious 
stages through which a volcano may pass are well illustrated 
by the story of Vesuvius. 


Fic. 176.—Monte Somma and Vesuvius. From a photograph by Prof. H. J. 
Johnston-Lavis. 


Vesuvius.—Rather less than two thousand years ago, that 
mountain was as peaceful as any hill in our own islands is at 
the present day. It seems from all accounts to have had a 
very regular conical shape, with a crater about a mile and a 
half broad. Yet its shape led hardly any one to suspect 
that the mountain was a slumbering volcano. Wild vines 
were growing over the sides of the crater; and it was in 
the natural fortress formed by this great amphitheatre that 
Spartacus the Thracian, with his little band of gladiators, 
took up his position at the beginning of the Servile War in 
the year 72 B.c. Earthquakes, as already pointed out, are 
often the heralds of volcanic eruptions ; and the first notice © 
which the old dwellers around Vesuvius received of its re- 
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newed activity was from a series of earthquakes which began, 
as far as we know, in a.D. 63, and continued intermittently 
for about sixteen years. These disturbances culminated in 
the great eruption of A.D. 79, which has been described in 
two letters written by Pliny the Younger to Tacitus. So 
vast were the quantities of ashes and other fragmentary 
matter ejected during this eruption, that the unfortunate 
cities of Herculaneum, Pompeii, and Stabize were buried 
beneath the deposits, in some places thirty feet in thickness. 
It is doubtful, however, whether any true lava was erupted 


on this occasion. From that date to the present day, 


Vesuvius has been more or less active, though sometimes 


EP 3: oy ee ae 

Fic. 177-—Monte Nuovo and the lake Avernus. The volcanic cone was formed in 
two days in 1538. The lake occupies an old crater. From a photograph by 
Prof. H. J. Johnston-Lavis. 


quiet for considerable intervals. During the great eruption 
just referred to, the south-western side of the original cone 


~ was destroyed ; but the half which was then left has remained 


in existence up to the present time, and forms the semi- 
circular hill known as Monte Somma (Fig. 176). 

An interesting case of a volcanic cone the formation of 
which was actually observed is provided by Monte Nuovo, 
near Naples (Fig. 177). In 1538, after a period of earth- 
quake disturbances, a strip of land on the shore near Lake 
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Avernus was raised slightly above sea-level, and volcanic 
materials were ejected from a crack in the surface. The 
eruption only continued for a few days, but in that time the 
accumulation of volcanic dust and scoriz built up a hill to 
a height of more than four hundred feet. 

Submarine deposits and eruptions.—When a 
volcano is situated near the coast—and by far the larger 
number of existing volcanoes are so situated—the ashes 
may be showered into the sea, or be borne thither by the 
wind, and may in this way get mixed with the detrital 
matter which is spread over the sea-bottom. A curious 
series of deposits may thus be produced, consisting partly 
of materials worn away from the land by the action of the 
water, and partly of matter ejected from subterranean 
sources. In some cases, volcanic outbreaks take place 
actually beneath the sea, and the matter thrown up 
becomes mixed with the remains of shell-fish and other 
marine organisms. Submarine volcanoes occasionally give 
rise to new land, the erupted matter being piled up in 
sufficient quantity to form an island rising above the waters. 

Underground temperatures.—In attempting to 
explain the origin of the intensely heated matter thrown 
out by volcanoes, we must consider certain phenomena of 
the temperature of the earth which have been observed 
experimentally, If athermometer be buried in the ground 
at a depth of only a few inches below the surface, it is 


found to be affected by all superficial changes of temper- - 


ature, and its indications show that it is cool at night and 
warm in the day, cold in the winter and hot in the summer. 
But plunged deep enough into the ground, or placed in a 
very deep cellar or cavern, these variations disappear, and a 
more uniform temperature is registered in all circumstances. 
What that temperature is will depend principally on the 
climate of the locality, the constant temperature being nearly 
the mean temperature of the surface. 
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On going still deeper, the heat is found to increase ; and 
at the bottom of a deep mine it is generally so warm that 
the miners are glad to discard most of their clothing. The 
temperature at the bottom of Ashton Moss Colliery, 
Manchester, 2790 feet underground, is 85° F., and the 
average increase has been found to be 1° F. for 77 feet of 
descent. Somewhat different results have been obtained 
from observations made during the sinking of other pits, the 
rate of augmentation being affected by the character of the 
rocks bored through and by the position which the strata 
occupy ; whether, for example, they are inclined or horizon- 
tal. Perhaps it will not be far wrong to assume that the 
average increase is 1° F. for every 64 feet: such at least 
is the rate which was adopted a few years ago by a com- 
mittee of the British Association from a study of observations 
made in many mines, tunnels, and bore-holes. 

Temperatures at great depths.—Even the deep 
mine or bore-hole is but the veriest dent in the earth’s sur- 
face compared with the actual radius of the globe. It gives 
therefore but scant information respecting the temperature 
of the deep-seated portions of the interior ; but, assuming 
such a rate of increase to continue, it is evident that at the 
depth of only a few miles the heat would be sufficient to 
fuse any known rock, that is, if there were no counteracting 
influence. However, it is known that under pressure most 
substances remain solid at temperatures above their ordinary 
melting point: and it is obvious that at great depths the 
pressure must be prodigious, and the resistance to melting 
correspondingly increased. Thus in all probability the 
materials generally remain solid. 

Origin of volcanic force.— How then shall we account 
for the appearance of these materials in the liquid form in 
volcanic eruptions? The subject is so difficult of investiga- 
tion that our knowledge of it is as yet very imperfect ; but 
the following seems to be an approximate explanation. As 


250 PHYSIOGRAPHY CHAP. 


already mentioned, in the folding of the earth’s crust the | 


rocks yield to lateral pressure by bursting upwards at the 
weak spots. By their upward movement they relieve the 
pressure which prevented the underlying intensely hot 
material from melting, and thus it rises in a molten form 
and fills the cavities and fissures. The crushing caused by 
lateral pressure must of itself raise the temperature and 
favour the local melting; and again, as the molten rock 
rises it gets into regions of less pressure, where its fluidity is 
retained though the temperature may be lower. In any 
case the intensely heated material, the normal situation of 
which is at a depth of several miles, is brought near to the 
surface, and only needs an expulsive force to cause its 
eruption in volcanic fashion. 

It is evident that a great deal of the force by which 
volcanic products are brought to the surface and expelled 
is due to the expansion of intensely heated water into steam. 
There are two possible sources of this water: it may be a 
natural constituent of the deep rocks, existing in a state of 
mechanical mixture or solution in them, and retained only 
under great pressure; or it may obtain access to great 
depths by percolating through cracks leading from the sea 
and other superficial waters, and may become subsequently 
dissolved in the heated substance. As soon as pressure is 
relieved, the water escapes as steam, expanding and frothing 
the lava, and sometimes ejecting it ; behaving, in fact, much 
like the carbon dioxide gas escaping from soda-water when 
the bottle is opened. 

Another expulsive agent in volcanic action may be the 
lateral pressure of the crust, narrowing the cavities in which 
molten rock is confined. Here it may be said that we are 
obliged to regard the lava as confined in local cavities. If 
there were a general reservoir of fluid rock within the earth, 
with which all volcanoes communicated, it would be difficult 
to account for the escape of material from one safety-valve 
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rather than another. There are even volcanoes quite near 
to each other which evidently communicate with separate 
cavities. For instance, in Hawaii (Sandwich Islands) there 
are two volcanoes, the level of the liquid lava in one of them 
standing 10,000 feet above that in the other: if they 
communicated with the same reservoir, the liquid would find 
the same level in both. 

Fissure eruptions.—Mention must be made of a rarer 
form of eruption, which seems to result from stretching of 
the earth’s crust. Such stretching has occasionally produced 
gaping rents of such a depth as to allow the intensely 
heated material to escape from below. The quantity of 
melted rock poured forth from such great fissures can be much 
greater than is possible from a mere chimney-like volcano, 
vast areas of land having been, so to speak, inundated with 
a sea of lava. The explanation given for ordinary volcanic 
eruptions will apply with modification to these latter pheno- 
mena. The material, though intensely heated, was kept in 
the solid state as long as it was under pressure of the over- 
lying rocks: but on the occurrence of a rent the pressure 
was relieved, and the material became liquid. Since it 
must expand at the same time, it became lighter in specific 
gravity than the overlying rocks, and thus it tended to rise 
above them. No such lava inundation has occurred within 
the memory of man, so we have no knowledge of the 
phenomena accompanying it. 

It is probable that the heated matter of the interior 
comes nearer to the surface as a rule in localities where the 
rocks are undergoing disturbance, and that this is one of the 
causes of discrepancy between the underground temperatures 
at different places. 

Hot spring’s.—Evidence of the internal heat of the 
earth is furnished by the temperature of the water yielded 
by certain springs. Some of the hot springs at Bath, for 
example, have a temperature of 120° F. Still hotter springs 
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occur in many countries ; and, in volcanic districts, even the 
boiling-point is occasionally reached. The water of these 
springs may acquire its heat by travelling either through 
rocks situated so deeply that their temperature is always 
high, or through superficial rocks heated by volcanic 
action. ‘The most remarkable hot springs are those known 
in Iceland as Geysers. Jets of boiling water with clouds: 


Photo. Valentine and Sons. 
Fic. 178.—Waikité geyser, Whaka-rewa-rewa, New Zealand. 


of steam are intermittently thrown high into the air with 
great force and accompanied with loud explosions. The 
water generally holds silica in solution, as mentioned on 
p- 133, and this siliceous matter is deposited around the 
mouth of the hole as an incrustation called sinter, Although 
the Geysers of Iceland are perhaps best known, similar 
springs are found in New Zealand, and also in the Rocky 
Mountains of North America, where, within the area of the 
Yellowstone Park, no fewer than 10,000 hot springs, geysers, 
and hot lakes are said to exist. The geyser represented in 
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action in Fig. 179 throws jets of hot water to a height of 
something like 200 feet. 

Mineral deposits around hot springs.—It was 
formerly supposed that the deposits of carbonate of lime, or 
travertine, formed 
where calcareous 
springs issue into the 
air are always. pro- 
duced by chemical 
action. Careful ex- 
amination of the 
springs at Carlsbad 
and other European 
localities, and of the 
travertine deposits in 
the Yellowstone Na- 
tional Park, U.S.A.— 
where they cover an 
area of two square 
miles and in places 
have a thickness of 
250feet—have shown 
that certain simple 
plants play a most 
important part in . cm 

; : : Fic. 179.—‘‘ Old Faithful’’ geyser in action, 
their formation in Yellowstone National Park, U.S.A. 
many cases. Algze 
of many colours flourish in the steaming waters of such 
springs as the Mammoth Hot Springs (Fig. 180), and their 
filaments serve not only as nuclei upon which travertine is 
deposited, but also extract the carbon dioxide from the water 
and so lead to the precipitation of the carbonate of lime held 
in solution. - The large areas of siliceous sinter found around 
the geysers of the Yellowstone Park region have also been 
separated from the hot streams by the action of algze, and 
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are not deposits produced merely by the evaporation of 
geyser waters charged with silica. 


Photo. Photochrome Co. 
Fic. 180,—Mammoth Hot Springs, Yellowstone National Park, U.S.A. The 


terraces are due to the deposit of carbonate of lime through the agency of certain 
simple plants—alge. 


Valentine and Sons. 


Fic, 181.—White Terrace, New Zealand, formed of siliceous sinter. 
were destroyed during a volcanic eruption in 1886. 


Photo. 


The terraces 


Minor forms of eruption.—In some localities hot 
water issuing from the ground is mixed with earthy matter ; 
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and streams of thick mud accumulate round the openings, 
so as to form conical hills, known as salses or mud 
volcanoes (Fig. 182). Such eruptions of mud, varying greatly 
in consistency and in temperature, occur in the Crimea and 
on the shores of the Caspian Sea. In other cases hot 
vapours issue from cracks in the ground, as at. the 
Solfatara near Naples, where the vapours are charged 
with sulphur. A large industry has sprung up in the 


Photo. Valentine and Sons. 
Fic. 182.—Mud volcano, Waiotapu Valley, New Zealand. 


Tuscan Maremma, by utilising the hot vapours which 
issue from smoking cracks, and contain particles of boracic 
acid, which are used in the preparation of borax. These 
phenomena are probably to be regarded as _ representing 
the lingering remains of volcanic activity. When a vol- 
cano has become extinct, the effects of subterranean 
heat in the locality may still manifest themselves in a 
subdued form, in such phenomena as those of hot springs. 
Many volcanoes, however, which appear at the present 
day to be perfectly quiet, are merely dormant, and may 
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break forth with renewed activity at any moment. The 
early history of Vesuvius, as already pointed out, shows 
that a volcano, after being silent for ages, may suddenly 
start forth into fresh life. 

Extinct voleanoes.—There are few better examples 
of an area in which volcanic action must have been 
rife on an enormous scale at a comparatively recent 
time, than that furnished by the Auvergne and the 


Fic, 183.—Extinct volcanoes: Puy de la Vache, and neighbouring cone, Auvergne. 
From a photograph by Prof. H. J. Johnston-Lavis. 


neighbouring districts in Central France. There the 
traveller may see hundreds of volcanic cones, known locally 
as “puys,” still preserving their characteristic shape, in 
spite of long exposure; there, too, are the streams of 
lava just as they flowed from the craters, or burst through 
the sides of the cones (Figs. 172, 183), whilst thick sheets 
of old lava and beds of ash are spread far and wide over the 
surrounding country. The district known as the Eifel, on 
the west bank of the Rhine, between Bonn and Andernach, 
offers equally striking examples of extinct volcanoes. 
Evidences of voleanic action in Britain.—Even in 
the British Isles, it is not difficult to trace the remains of 
ancient volcanic outbursts, although these are not so fresh 
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and well marked as those just mentioned. Sheets of lava 
are found in the north-eastern part of Ireland, especially in 
the county of Antrim, where the remarkable scenery of the 
Giant’s Causeway is due to the fact that some of the old 
lava, shrinking as it cooled, has split up into columns, not 
altogether unlike those into which a mass of starch splits 
during drying. Similar evidence of volcanic action may be 
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Photo. R. Welch, 
Fic. 184,—The Giant’s Causeway, co. Antrim, from the sea. 


- found in Scotland, whilst in North Wales there are extensive 
remains of eruptive rocks ; the state of fiery activity which 
they indicate dates back, however, to a very remote period 
of geological history. Yet it must not for a moment be 
supposed that any volcanic cone or crater exists amongst 
the volcanic hills of Wales. So great, indeed, has been 
the disturbance and denudation of this part of the 
earth, that the old surface has long ago been swept away, 
and its present shape bears little or no relation to its form 
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It is true, for example, that the 
ocks; yet the 


at the period of eruption. 
summit of Snowdon is formed of volcanic r 
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Photo. Valentine and Sons. 
Fic. 18s.—Columnar basalt, Fingal’s Cave, Staffa. 
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Photo. G. W. Wilson. 


Fic.. 186.—Arthur’s Seat, Edinburgh. Relics of an ancient volcano. 


3 ° . ? 
mountain, in its present form, does not in any way represent — 
an old volcanic cone: it is rather a remnant of a lava bed, — 
worn to its present form by denudation. 
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Rise and decay of land.—From what has been said 
in this and the previous chapter, it will be seen that the 
earth movements tend constantly to add to the quantity of 
dry land: for among the many alternating movements there 
is a preponderance in the upward direction ; and besides, 
fresh material is brought to the surface from volcanic sources. 
While the solid land is being continually washed down, little 
by little, into the sea, it is at the same time being replenished 
by the raising of new material. Since the greater part of 
this material consists of the very substances which were 
previously washed from the land and deposited on the floor 
of the sea, there is a continual circulation of solids, as well 
as of water, from the land to the sea, and from the sea again 
to the land. 


CHAPTER XIII 
STRUCTURE AND ACTIVITIES OF LIVING MATTER 


Ultimate result of denudation.—It has been seen 
that the fresh and salt waters which run upon, and beat 
against, the land, are constantly engaged in transporting 
the materials of which that land is composed from higher 
to lower levels. A comparatively insignificant fraction of 
these materials remains in the lakes which lie in the course 
of some rivers ; but by far the greater part, sooner or later, 
reaches the sea. 

The solid deposits which thus accumulate on the sea- 
bottom are never exactly equal to the waste of the land, 
but are always of less, and frequently of much less, mass. 
For all the chief constituents of the land are more or less 
soluble in water ; and hence, a larger or smaller proportion 
of the products of denudation reach the sea in a state of 
solution, and are diffused through the ocean, as the salt 
in a drop of brine would be diffused through a pail of 
water. Notably, dissolved carbonate of lime and silica 
are thus being constantly poured into the sea. 
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Supposing that no influences were at work upon the 


earth’s crust except those of rain and rivers, and of the 
sea ; then, as has been pointed out in Chap. X, the ultim- 
ate result of their action would be the reduction of the 
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solid land to a submarine plain. ‘The waters covering this 
plain would be more or less completely saturated with 
the soluble materials extracted from the denuded rocks. 
Denudation, therefore, on the whole, not only diminishes 
the quantity of dry land, but also lessens the proportion of 
the solid to the fluid constituents of the globe. 

Compensating influences.—Denudation is compen- 
sated in some measure by the movements of the land, which 
tend on the whole to upheaval, and by volcanic action, 
which replenishes the surface with fresh material from the 
interior ; and it is conceivable that the opposite processes 
should go on, for any assignable time, in such a manner 
that the proportion of land above the sea level to that 
below it should remain unchanged. But, in the operations 
of nature hitherto dealt with, there is nothing to compensate 
for the gradual conversion of solids into liquids by denuda- 
tion; nor for such out-pouring of vapours and gases into 
the atmosphere as occasionally, if not always, accompanies 
volcanic action. 

Nevertheless an agent, by which some of the gaseous 
and liquid constituents of the earth are temporarily or 
permanently reduced to the state of solids, is at work upon 
an enormous scale. This agent is what is termed living 
matter ; or, organic matter, 

Plant and animal life.—The surface of our country 
is covered with prodigious multitudes, and seemingly endless 
varieties, of the forms of this living matter, some of which 
we call plants, and others animals. But, notwithstanding 
their obvious differences, there are so many deep-seated 
points of agreement among the diversified forms of life that 
any plant or any animal will serve to illustrate the essential 
characters of all plants and of all animals. Every one has 
seen a field of peas, thronged with pigeons. The peas will 
serve very well as examples of plants, and the pigeons as 
types of animals. 
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However widely the pigeon and the pea-plant differ in 
external features, they nevertheless resemble each other 
(and all other living things) in their chemical composition, 
microscopic structure, and method of growth. 

Subjected to chemical analysis, all plants yield a number 
of complex bodies. Among these the most important 
(though not most abundant) are certain compounds known 
as proteids,! which are composed of the elements nitrogen, 
oxygen, carbon, hydrogen, and sulphur: some proteids are 

combined with 

NUCLEUS ey PROTOPLASM > Hi ity ABORELESS Geet a 

Besides these, 

plants contain 

several com- 

nucieus pounds of the 

three elements 

Fic. 187.—General structure of simple cells. Magnified. carbon, hydrogen, 

and oxy fen, 

among which are fat, sugar, much starch, and woody sub- 

stance known as cellulose. The mineral substances 

present are various salts of potassium, sodium, calcium, 
and magnesium ; also peculiar iron compounds. 

Similarly analysed, the bodies of animals yield most of the 
above-mentioned substances, the exceptions being cellulose, 
which is absent, and starch, which is substituted by a nearly 
related substance, glycogen. 

If thin sections of the pea-plant are examined with 
a microscope, it will be seen that their substance con- 
sists of a delicate framework or skeleton of cellulose, 
in which there are innumerable tiny cavities; and 
that each cavity is filled with a semi-fluid matter, termed 
protoplasm,” just as the waxen cells of a honeycomb are 
filled with honey (Figs. 187, 188). Embedded in each little 

1 Proteid, from mpwrebdw, proteuo, to have the first place. 


3 A 
Protoplasm, from mp@tos, Protos, first; and mAdopa, plasma, forma- 
tive matter. 
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mass of protoplasm is a rounded body called a nucleus; 
and the protoplasm, with its nucleus and its investing wall, 
is technically termed a cell, The nuclei are complex in 
structure and formed largely of phosphorus compounds. 
The protoplasm is scarcely less complex, and is made up of 
water, salts, sugar, and various proteids, holding in suspen- 
sion minute drops of fat and granules of starch. The cell 
walls consist mainly of cellulose. The cells, though 
varying in size, are always minute, a diameter of about 
aoooth of an inch being not unusual. 

In the various organs of the pigeon we find cells which 
correspond in their general features with those in the plant. 
They are formed of 
nucleus, protoplasm, 
and a more or less 
distinct investing 
wall, but no granules 
of starch are present 
in the protoplasm ; 
and whereas in the 
plant the cell-walls of 
cellulose give firm- 
ness to the structure, 
cellulose is absent 
from the animal, and 
the cells are generally 
supported by fibrous 
material deposited 
between them (Fig. 


. 88). Fic. 188.—Typical animal and vegetable oe as 

j seen under the microscope. arker.) 26, 

In both animals nucleus. The two bottom ee rope 

4 plant cells, the left-hand one being a cell from 

and plants, dl “ the root of a lily, and the right-hand one from 
occurs by -the re- the leaf of a bean. 


peated subdivision of 
cells, each new cell appropriating nutriment from its sur- 
roundings until it becomes as large as that from which it 
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proceeded. By means of such subdivisions repeated in- 
definitely, with various modifications of form and function 
of the cells, the whole plant or whole animal grows from a 
single embryo cell. It should be remembered, however, that 
the seed of the pea, or the egg of the pigeon, does not con- 
tain a mere embryo cell; for in the new-laid egg the cell- 
division is already well started, and in the ripe pea it is so 
far advanced that the first leaves of the embryo plant, 
together with a minute stem and rootlet, are already 
discernible. 

Growth from without and within.—There is 
a very striking difference between the growth of such 


not-living bodies as may be said to grow, and living growth. . 


A crystal can grow only if the materials of which it is 
composed exist, as such, in the liquid which surrounds it. 
A crystal of salt can grow only in a solution of salt; a 
crystal of sulphate of soda, in a solution of sulphate of 
soda: and when a crystal grows, the new matter is added 
only upon its exterior. 

It is quite otherwise with a plant. A single pea may not 
only develop into a large pea-plant, but may ultimately give 
rise to a multitude of peas as large as itself. In other 
words, the pea, in the course of its development, accu- 
mulates within itself many thousand times the quantity of 
proteids, of cellulose, of starch, of sugar, of fat, and of 
water and mineral salts, which it primitively contained. 
Nevertheless, of all these bodies, it is certain that none but 
the water and the mineral salts exist, as such, either in the 
air or in the soil. In fact, strange as it may seem, the soil 
is a superfluity. A pea will grow into a perfect plant, and 
produce its crop of peas, if it is supplied merely with water 
containing nitrate of ammonia and the phosphates, sulphates, 
and chlorides of potassium, calcium, iron, and the like, 
which it needs, and if it is freely exposed to the air and to 
sunshine. Under such conditions as these, it is obvious that 
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the full-grown plant must be almost entirely composed of 
fluids and gases which have been transmuted into solid 
matters ; and that it has manufactured the multifarious and 
often highly complex chemical compounds, of which its 
body is composed, out of the comparatively simple raw 
materials supplied to it. 

Chemical conversions caused by plants.—In the 
case supposed, the fluid with which the pea is supplied 
contains only hydrogen, oxygen, nitrogen, phosphorus, 
sulphur, and certain metallic bases ; but another element, 
carbon, enters largely into every one of the manufactured 
articles which are to be found in the full-grown plant. The 
presence of this carbon, and its great relative amount, may 
be made manifest enough if the plant is strongly heated in 


_aclosed vessel, when the carbon remains as a conspicuous 


mass of charcoal. Whence is this carbon derived? Under 
the conditions defined, the only possible source of supply 
is the carbon dioxide diffused through the atmosphere ; 
which, though it forms so small a percentage of the air, yet 
amounts to an enormous absolute quantity (p. 83). In 
fact, it is known that under the influence of sunlight a 
green plant absorbs carbon dioxide from the atmosphere and 
decomposes it; returning a part of its oxygen to the air, 
and building up the carbon and the rest of the oxygen, 
together with nitrogen, hydrogen, sulphur, and mineral 
matters derived from other sources, into the complex com- 
pounds of its own living substance. It should be noted 
that the plant decomposes the oxides of all the elements 
here mentioned as well as that of carbon. 

Thus the green plant transmutes the fluid and gaseous 
matters, which it draws from the soil and from the atmo- 
sphere, into the solid materials of its own body ; and thus, 
to a certain extent, reclaims the solids lost by the aqueous 
solution and igneous decomposition which have been con- 
sidered in previous chapters. In ordinary circumstances, 
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the restoration of solid matter to the earth, thus effected by 
plant-life, is only temporary. Even during life, the activity 
of the green plant, like all vital activity, is accompanied by 
the slow oxidation and destruction of its protoplasmic 
matter ; and one of the products of this oxidation, carbon 
dioxide, is returned to the atmosphere. After death, the 
process of decay is accompanied by slow oxidation. The 
carbon goes off chiefly as carbon dioxide ; the nitrogen in 
the shape of ammoniacal salts; and the mineral salts are 
dissolved away by rain and carried to the general store of 
the waters. But if by the overflow of a river the plant 
should become silted up in mud, or carried away by floods 
and buried in the sea-bottom, the process of decay may be 
so slow and so imperfect that its carbonised remains, often 
infiltrated with mineral matter, may be preserved as a 
fossil,| when the mud is hardened into a stone, and may 
thus permanently contribute to the solid land. 

Plants and animals compared.—Though there are 
close analogies between the animal and the vegetable 
forms of life at present under consideration, there is never- 
theless one striking difference. A pigeon cannot live on a 
watery solution of ammoniacal and mineral salts, however 
much fresh air and sunshine may be added to this diet. It 
has not the faculty of building its tissues out of such raw 
materials as ammonium nitrate, carbon dioxide, and water ; 
but requires that the nitrogen, carbon, and hydrogen com- 
pounds shall be partially worked up for it by plants. It is 
evident that animals derive nearly all their food, directly or 
indirectly, from plants ; the only exceptions being water and 

a part of the saline food. 

The plant performs on the average more deoxidation than 
oxidation ; delivering oxygen to the air, and storing up com- 

1 Fossil, Lat. fossilis, from fodio, to dig; a term applied by old 


writers to anything dug out of the earth, and therefore including 
minerals, but now conventionally restricted to organic remains. 
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bustible substances in itself. The animal, on the contrary, 
is concerned chiefly with oxidation ; and takes oxygen from 
the air, to use it in burning the materials which were 
previously deoxidised by plants. 

Putrefaction.—It may here be noted that putrefaction, 
the final stage of destruction of both animal and vegetable 
matter, is effected by lowly organisms or microbes of 
various kinds, amongst which the bacteria are the most 
important. These are very minute beings, related by their 
structure to the lowest members of the vegetable kingdom, 
but resembling the animals in requiring that their food 
shall have been previously constructed by other living 
things. 

Change and decay in animal life.—The complex 
substances which the pigeon obtains from the peas on which 
it feeds are assimilated to its own substance, and are then 
slowly burned by the oxygen which it obtains by the process 
of respiration. The animal is in fact a machine, fed by the 
materials it derives from the vegetable world, as a steam- 
engine is fed with fuel. Like the steam-engine, it derives 
its motor power from combustion ; and, as in the case of the 
steam-engine, the products of the combustion are incessantly 
removed from the machine. The smoke and ashes of the 
animal are the carbon dioxide and water evolved in expira- 
tion, and the feecal and urinary excreta. The latter are re- 
turned to the earth in a more or less fluid, or, at any rate, 
soluble form ; the former are diffused through the air. 

When the bird dies, the soft parts rapidly putrefy, and pass 
off, as gaseous and fluid products, into the air and the water. 
The dense bones resist decay longer ; but, sooner or later, 
even the lime salts by which they are hardened are dissolved 
away ; and the solid animal fabric returns to swell the sum 
of the fluids and gases from which, through the plant, it has 
been derived. But, under like conditions to those which 
have been mentioned in the case of the plant, the bones may 
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be covered up and protected from further decay, or may 
become infiltrated with calcareous or siliceous matters ; and 
thus, as a fossil bird, a pigeon may form an integral part of 
the solid crust of the earth. 

Natural constructors and consumers.—It will be 
apparent that pigeons and peas, or more broadly, the animal 
and the plant, respectively represent, in the world of life, the 
destructive and the reparative powers of the not-living world 
—the forces of denudation and of upheaval. The animal 
destroys living matter and the products of its activity, and 
gives back to the earth the elements of which such matter is 
composed, in the form of carbon dioxide, water, and am- 
moniacal and mineral salts. The’ plant, on the contrary, 
builds up living matter, and raises the lifeless into the world 
of life. There is a continual circulation of the matter of 
the surface of the globe from lifelessness to life, and from life 
back again to lifelessness. 

If pigeons and peas were the only forms of life, the 
balance of solid and fluid constituents of the globe would 
hardly be affected by their existence. Every pigeon and 
every pea, as has been seen, represents a certain amount 
of liquid and gas transmuted into the solid form; but, 
under ordinary conditions, the solids thus withdrawn return 
to the fluid and gaseous states within a short time after the 
death of the body which they constitute. 

Fossils.—It is hardly conceivable that, in any circum- 
stances, fossil pigeons or fossil peas should make a sensible 
addition to what may, at any rate in a relative sense, be 
termed the permanent crust of the earth. But it is other- 
wise with plants and animals which live under conditions 
more favourable for preservation ; and in which the earthy 
and less perishable constituents enter in large proportion 
into the composition of the body. There is much more 
likelihood that the remains of animals and plants which live 
in the sea, or in rivers, or which haunt marshes and lakes, 
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should be fossilised, than that those of the dwellers on dry 
land should be so preserved. The greater the quantity of silica, 
or of salts of lime, or of other slowly soluble ingredients, 
in the body of an animal or of a plant, the longer will its 
fabric be in disappearing, and the greater the chances of its 
preservation. It must be borne in mind, however, that such 
fossils form only an insignificant portion of the bulk of the 
rocks in which they are embedded, though, as will be shown 
in subsequent chapters, there are other organisms which 
enter so largely into the composition of certain deposits as 
to form by far the greater proportion of their bulk. 


CHAPTER XIV 
DEPOSITS FORMED BY THE REMAINS OF PLANTS 


Solidified silica from plants.—There is a well known 
substance, which has been used in the arts for many years 
asa polishing material, under the name of Tripoli powder, 
or more accurately as Diatom earth or Infusorial earth. 
It is a kind of rottenstone, which occurs in large deposits in 
many parts of the world, but is especially abundant at Bilin, in 
Bohemia, and near Richmond, Virginia, where it forms a bed 
thirty feet thick and roo square miles in extent (Fig. 189). In 
some places, the substance is a soft friable rock, while in other 
localities it is so hard as to be known as “ polishing slate.” 
Chemically it is almost pure silica, like the silica of rock- 
crystal ; but examination under a microscope shows at once 
that it is not simply mineral silica. Indeed, when a little of 
this earthy material is sufficiently magnified, it is seen to be 
made up, not of shapeless mineral particles, nor of minute 
crystals of silica, but of such beautifully-formed objects as 
those represented in Fig. r90. It was shown many years ago 
that these delicate objects are identical with the siliceous 
cases characteristic of a group of minute organisms called 
Diatoms., The diatoms are found living both in salt and 
in fresh water ; but the kinds commonly preserved in infu- 
sorial earth are characteristic of fresh water, and hence it is 
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concluded that the material was probably deposited at the 
bottom of lakes or in marshes. 

When a living diatom is examined, it is seen that the 
siliceous case, which consists of two symmetrical halves, 
encloses _ proto- 
plasm with a nu- 
cleus. A diatom 
is in fact a simple 
vegetable cell, 
but its peculiar- 
ity lies in the 
fact that the cell. 
is able to sepa- 
rate, or secre?e, 
from the sur- 
rounding water, 
that chemical 
combination 
which is called 
silica, which ex- 
ists in minute 
proportion  dis- 
solved in most 
natural waters. 
With the silica 


Fic. se mee as a eae oe o ae County, 

iat- California. otographed by Mr. J. S. Diller. 
thus poLroplas From Sxlletin No, 150 of the U.S. Geological 
ed the diatom Survey. 


forms a solid 
case, which encloses the protoplasm, and often exhibits a 
beautifully sculptured surface. 

On the death of a diatom, the protoplasm decomposes 
and disappears ; but the siliceous shield, although it is very 
slowly dissolved by water, is not easily perishable, and it 
therefore remains as a solid body at the bottom of the water. 

Abundance of diatoms.—lIt is true the diatoms are 
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very minute, but they compensate for this by their extra- 
ordinary abundance. Enormous multitudes of diatoms have 
been found in the waters and in the ice of the South Polar 
Ocean; and a deposit, or ooze, consisting principally of 
their siliceous casings, occurs along the flanks of the Victoria 
Barrier Reef, off the coast of Australia, extending over an 
area which measures as much as 400 miles in length and 


Fic. 190.—Groups of diatoms of various forms. Magnifi i 
S i gnified 40 diameters. From a 
photomicrograph by Mr. J. E. Hecnand: 


200 in breadth. During the voyage of the Chadlenger a 
similar diatomaceous ooze was found, as a pale straw-— 
coloured deposit, in certain parts of the Southern Ocean ; | 
and diatoms are seen in abundance on the surface of many 
seas, especially where fresh water is brought down by 
rivers. Insignificant as diatoms appear when regarded 
individually, it is clear that, in consequence of their vast — 
numbers, the rapidity of their multiplication, and the 
resistance of their siliceous cases to destruction, they may 


Sxiv DEPOSITS FORMED BY PLANT REMAINS 273 


play a very important part in the formation of certain 
deposits which will eventually constitute siliceous rocks. 

Nature and formation of peat.—Accumulations of 
partially decomposed vegetable matter form the substance 
known as peat or turf. This is produced only under certain 
conditions of moisture and temperature ; damp ground, in 
a temperate climate, being the situation most favourable to 
its formation. In this part of the world, the principal peat- 
forming plants are certain mosses known to botanists under 
the generic name of Sphagnum, The stems of the bog- 
moss die away in their lower part, while the upper portion 
continues to grow freely. The interwoven dead portions 
form a tangled mass, which holds water like a sponge and 
favours the growth of the moss above. Remains of other 
plants become mixed with the mosses, and contribute to the 
formation of the peat, while trunks of trees occasionally get 
embedded in the bog. Muddy matter is likewise washed in 
during floods, and helps to consolidate the felted mass and 
to produce a deposit of considerable firmness. The rate at 
which the peat grows varies greatly under different condi- 
tions ; but some notion of the rate may be gained from the 
fact that Roman remains, and even Roman roads, have been 
found beneath eight feet of peat. In Ireland peat-bogs are 
so abundant as to cover about one-tenth of the entire sur- 
face of the country ; and in some cases the peat may be as 
much as forty feet in thickness. The peat is cut from the 
bog, in brick-shaped blocks, by means of a peculiar spade 
known as a “slade,” and, after being dried in stacks, is used 
asfuel. In England peat is not so important as in Ireland, 
but it is to be found in many damp localities. 

Peat and coal.—In the deeper, and therefore older, 
parts of a thick peat-bog, where the decomposing matter 
is most compressed and altered, it usually takes the form of 
a brownish-black, slightly compact mass, in which the 
vegetable structure may be almost obliterated : the material 

H, & G. P, oy 
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is in fact converted into a substance not altogether unlike 
coal. Indeed, the resemblance has led to the suggestion 
that beds of coal may in some cases have been formed by 
the alteration of old peat-bogs. Although there are certain 
objections to such a view, it is nevertheless beyond question 


Photo, R. Welch. 
Fic. 191.—Peat bog, Grange, Sligo. Roots of trees can be seen in the bog. 


that coal owes its origin to the alteration of vegetable 
matter. The evidence, upon which this conclusion is 
founded, is derived partly from the chemical and micro- 
scopic structure of the coal, and partly from the conditions 
under which the substance is found in nature. 

Character of coal measures.—Coal occurs in the 
shape of beds, or seams, of variable thickness, associated — 
with shales, sandstones, and other sedimentary rocks. The 
succession of strata, or measures, cut through in a colliery — 
is generally similar to that represented in Fig. 192, but the 
series may include hundreds of separate beds. The “ roof” 
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of the coal, or the rock immediately above the seam, is 
commonly a shale, which when split into layers is very 


frequently found to inclose 
impressions of plants. Per- 
haps the commonest of these 
remains are the graceful 
leaves or fronds! of ferns, 
which are often strikingly 
similar to those living at the 
present day. Although in 
these islands ferns never at- 
tain to the size of trees, yet 
in countries where the climate 
is very warm and moist, as 
in New Zealand, they form 
trees fifty or sixty feet in 
height. Such tree-ferns lived 
also in this country, at the 
time of the formation of the 
shales which are found in 
association with the coal. 
Part of an ancient coal- 
measure forest which ex- 
tends for a large area around 
Glasgow, and is_ occasion- 
ally exposed by quarrying 
operations, is illustrated in 
Fig.. 193. The trunks of 
the trees are rooted in dark 


shales and covered with 
sandy shales and = sand- 
stones. 


1 A Jrond differs from an ordi- 
nary leaf in usually bearing repro- 
ductive cells or spores. 


Drift, Soil 


ae 
al 
ee} Underclay. 
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Shale and 
Sandstone. 


Fic. r92.—-Section of coal measures. 
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Tree stems and roots in coal measures.—In 
addition to the impressions of plants found in the shales 
above the coal seams, vegetable remains are thus met 
with in rocks beneath the coal, forming what is called the 
“floor.” It was pointed out many years ago that each bed of 
coal in this country is supported by a layer of rock known 


Fic. 193.--Remains of a coal measure forest at Victoria Park, near Partick, 
Glasgow. Photographed by Mr. J. R. Stewart, and reproduced by kind 
permission of Prof. W. W. Watts, F.R.S., secretary of the Geological Photo- 
graphs Committee of the British Association. 


as underclay or seat-earth, as shown in Fig. 192. What- 


ever the number of seams of coal—and in some cases they 


are very numerous—there is always just the same: number 
of underclays. Moreover these underclays usually contain 
such bodies as that figured in Fig. 194, which are never found 
in the roof of the coal. Such objects had long been known 
to geologists under the name of stigmariz,! but though it 


1 Stigmaria, from otiyua, stzgma, “a mark”; in allusion to the 
scars left by the rootlets, 
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was clear they represented some part of a plant, their 
precise nature long remained an enigma. At length a rail- 
way cutting through the Lancashire coal-field exposed half 
a dozen trees resting upon a seam of coal, but sending their 
strong roots downwards into the underclay, where they 
ramified in all directions and gave off rootlets. It was 
found that these roots were nothing but the well-known 
stigmariz, and that the characteristic stigmata, or pits, 
were not leaf-scars, as had been suggested, but points from 
which rootlets had been 
given off (Fig. 194). The 
stigmarize passed upwards 
into fluted tree-stems, which 
are not uncommonly found 
in the coal and the shales, 
and are known as sigil- 
lariz.! It is therefore Fic. 194.—Stigmaria ficoides. Part of 

surface, showing the rootlet scars (sc), 


evident that the stigmaria to some of which the rootlets (72) are 
still attached. Much reduced in size, 


1s nothing but the root of Reproduced by kind permission from 


C Dr. D. H. Scott’s Studies in Fossil 
and allied Botany (Black). 


the  sigillaria 
trees, and that the under- 
clay represents the soil of an ancient forest in which these 
and other trees flourished (Fig. 193). 

In examining one of these sigillaria-stems, it will pro- 


bably be found that the bulk of the trunk consists of stony 


_ matter, but that this is coated by a thin layer of coal which 


represents the original bark of the tree. It seems that 
while the surrounding softer and more fragmentary vegetable 
matter was rotting, and thus gradually changing into coal, 
the solid trunk was able to resist decay for a long time, 
long enough to allow the percolating water to deposit lime, 
&c., in the interstices of the wood, or, as we usually say, to 
petrify it. 

1 Stozllaria, from Lat. ségzd/um, a seal; the leaf scars resembling the: 
impressions of a seal. 
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Structure of a piece of coal.—On attempting to 
break a mass of coal, it will generally be found that it splits 
much more readily in certain directions than in others. 
Thus, it breaks easily along the planes of bedding, which of 
course run parallel to the general stratification of the coal- 
measures. The top and bottom layers thus broken, com- 
monly present dull black almost sooty surfaces, and easily 
soil the fingers when handled. But the mass of coal also 
splits with ease in certain directions which run vertically 
across the stratification, and the broken surfaces thus pro- 
duced are generally bright and smooth, and do not soil the 
fingers: the direction along which these joints run is often 
known as the “face” of the coal. Then there is a third 
set of planes, at right angles to both the other sets, and 
less perfect, so that the fracture here is more irregular ; this 
direction is sometimes called the ‘‘end” of the coal. On 
the whole, then, there are three directions, perpendicular to 
one another, in which the coal may be divided ; and it thus 
yields blocks more or 
less regular in shape, 
and roughly resembling 
cubes or dies, such as 
that shown in Fig. 195. 

The dull black sub- 
stance running along the 
planes of stratification or 
bedding of a piece of 
Fic. 195.—Cuboidal block of coal split along coal is sometimes called, 

Hatunal planes from its resemblance 

to charcoal, mineral 

charcoal, and it is likewise known as mother of coal. 
This substance is often fibrous, and is made up to a 
large extent of the remains of stems and leaves. But 


the constitution of the mass of the coal is very differ- 
ent from that of the mineral charcoal, which indeed forms. 


ee ae 
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only thin layers spread out between the laminz of the 
coal. 

Microscopie characters.—If a slice of coal, cut so 
thin as to be partially transparent, is examined under the 
microscope by light passing through its substance, it will 
usually present some such appearance as those shown in 
Fig. 196. These sections, which were taken respectively 
across the bedding and parallel to it, show a blackish or 


Fic. 196.—Photomicrographs of sections of coal across the bedding and parallel to it. 
From sections kindly lent by Mr. G. T. Newton, F.R.S., and photographed by 
Mr. J. E. Barnard. Magnified. 


dark brown mass forming the ground, in which are embedded 
characteristic bodies of a yellowish colour. These bodies 
are sections of the little cases which enclosed the spores! or 
reproductive cells of a flowerless plant. ‘These spore-cases 
or sporangia are sometimes as much as 55th of an inch 
in diameter, and therefore large enough to be seen with 
the naked eye. They sometimes contain a remnant of the 
spores,—-tiny granules not more perhaps than +} jth of an 
inch in diameter, while great numbers of these are scattered 


1 Spores are one of the kinds of bodies by which flowerless plants are 
reproduced. (See footnote, p. 275.) 
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through the dark ground-mass. Similar bodies are well seen 
- in microscopic sections of the curious combustible sub- 
stance known as “white coal” 
which is in course of formation 
in Australia, ¢: i+ ©) 

There can be no doubt that 
these spores and spore-cases were 
shed by trees closely related to 
those extinct forms which are 


Lepidodendron! (Fig. 197). 
Remains of 
the lepido- 
dendron 
have been 
found, with 
cones still 
pendent from 
the branches 


Fic. Poe A Sorte a he elegans. of the tree ; 
estoration of tree, bearin ee 
cones. The trunks of these pee and similar 
were sometimes roo feet long. 
Reproduced by kind petmiscton SU ges) called 
from Dr. D. H. Scott's Studies JTL e pi do- 


in Fossil Botany (Black). 
strobi (Fig. 
198), are scattered in abundance through 
the coal-bearing rocks. The cones are 4 
made up of scales, and in some speci- sucbus’ or cone of a 
mens it is possible to detect spore-cases, jth Cont Meateres 


in the coal measures. 


containing spores, still preserved between Ruste tan i 


the scales. There seems therefore scarcely _Falontographical So- 
i : ciety’s Monographs, 

any room for doubt that the little bodies  *868-871. 

so plentifully scattered through most coals were derived 


from plants more or less resembling the lepidodendron. 


1 Lepidodendron, from dems, lepis, a scale ; dévBpov, dendron, a tree ; 
in allusion to the scale-like leaf-scars on the stems, 


well known under the name of — 


= = 
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Coal-forming plants.—But what kind of trees were 
these ancient inhabitants of the coal-forests, and to what 
existing plants could they claim kinship? To answer this 
question it is necessary to turn not to our forest trees, but 
to such lowly plants as the club-moss or Lycopodium, It 
may seem almost absurd to compare such different objects 
as these ; for the club-moss is a weak herb, and even in the 
most favourable conditions does not rise to a height of more 
than two or three feet, while the lepidodendron must have 
been a gigantic tree, certainly reaching, in some cases, to a 
height of a hundred feet. Yet, in the form of their stems, 
and in the character of their fructification, the resemblance 
between the two is so striking, that the student is forced 
to admit that the club-moss is but a miniature edition of 
the old lepidodendron. But, though the ancient and the 
modern plants thus differ so much in size, it is curious: to 
note that their spores are of nearly the same dimensions. 

At first sight, it no doubt seems surprising that objects so 
minute as the spores and spore-cases of extinct plants allied 


to the club-moss should form any considerable proportion 


of those vast masses of coal which occur in beds several 
feet in thickness, and extend over areas measured in miles. 
Yet in this case, as in that of the diatoms, the enormous 
numbers compensate for want of size in the individuals. 
Clouds of yellow dust, consisting of spores, may be shaken 
from a branch of club-moss ; and the spores of the diminu- 
tive species still living are so abundant that they form an 
article of commerce. The druggist rolls his pills in lycopo- 
dium spores, and, by thus coating them with a resinous 
powder, enables them to roll over the tongue without direct 
contact with its moist surface. And, before the days of the 
electric light, the stage-manager was in the habit of using 
this highly combustible resinous material, under the name 
of “vegetable brimstone,” to produce a blaze of mimic 


lightning. 
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Forest origin of coal.—From what has now been said, 
it appears probable that most coal has been formed in 
something like the following way. A forest of lepidoden- 
drons, sigillarias, ferns, and other plants, grew up on an 
old swampy land-surface, which is now represented by the 
underclay, or its equivalent. Season after season, showers 
of spores fell from these flowerless plants, and, accumulating 
on the soil, became mixed with the fallen fronds, and with 
larger or smaller portions of the stems of the surrounding 
‘trees. While a large proportion of the soft vegetable matter 
‘slowly disappeared by decay, or left only a highly carbonized 
residue, of which the part that retains a recognizable struc- 
ture is the “mother of coal,” the resinous spores resisted 
decomposition, and remain distinguishable in all the less 
altered coals. The roots of the Lepidodendra were often 
preserved by the clay in which they grew, and became the 
fossil stigmarieze. 

When a layer of vegetable soil had thus accumulated 
to a considerable thickness, the land slowly subsided, and 
the old swamp was buried beneath deposits of mud and 
sand, which have since hardened into shales and sand- 
stones. Compressed beneath these sediments, the vege- 


table matter underwent peculiar changes, which resulted — 


in the formation of coal. Then a time came when the 
sedimentary deposits were upraised, and another forest 


sprang up on the new land, forming a second bed of 


coal. -Hence every seam of coal indicates fresh movement 
of the ground ; and when it is remembered that, in the 


South Wales coal-fieldyas many as eighty distinct beds of — 


coal may be recognized, it will be seen that the coal- 


measures offer striking evidence of oscillations of the level 


of the land. Between each elevation and depression, there 
must have been time enough for the formation of a thick 
vegetable soil, and in some cases this must have taken vast 
periods of time ; thus, in South Staffordshire there is, or 
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rather was, a famous bed of coal measuring as much as 
thirty feet in thickness. Remembering, then, the slow growth 
of a forest, the great thickness of some of our coal seams, 
and the number of separate beds in the coal-measures, it 
will be readily conceded that these strata represent a lapse 
of time which is probably to be counted by hundreds of 
thousands of years. 

Drift theory of coal formation.—lIt is held by 
some geologists that coal has not been formed in the 
manner already described, but by the alteration of plant 
remains drifted out to sea or other expanses of water. 
Great masses of wood and other accumulations of vegetable 
matter are unquestionably carried down by such a river as 
the Mississippi; and this matter, becoming buried in the 
silt of the estuary, might undergo changes resulting in the 
formation of coal. According to the drift theory of the 
origin of a coal seam, sand and gravel with drifted plant 
remains were first spread over an area by the action of 
water. As the currents lost velocity, shale was deposited ; 
and then there was a growth of presumably aquatic vegeta- 
tion in extremely shallow water into which wind-borne 
vegetable dust and floating vegetable matter were carried. 
The area then subsided, with the result that a new system 
of sand and mud-laden currents was set up and the whole 
process was recommenced. But though small deposits of 
coal may have been formed in this way, it is generally held 
that no accumulation of drift material would be competent 
to produce beds of pure coal of uniform thickness and great 
extension, such as those found in most coal-fields. The 
balance of opinion is in favour of the growth-in-place theory 
which regards a coal seam as vegetation buried in the swamp: 
where it originally flourished. 

Brown coal.—There is a kind of imperfect coal which 
shows by its texture that it has been formed from wood. 
So ligneous indeed is its texture that the coal is commonly 


284 PHYSIOGRAPHY CHAP. 


called lignite. In this country, such coal is found only in 
insignificant quantity at Bovey Tracey in Devonshire, but 
in many countries, which are poor in true coal, the lignite 
occurs in large deposits and is an important fuel. Several 
years ago, some old timbering in a mine in the Hartz, 
Germany, known to date back about ‘four hundred years, 
was found to be converted into this lignite or ‘‘ brown coal.” 
Hence, there can be no doubt that, under certain conditions 
of decay, wood may be transformed into a coal-like material. 

From vegetable matter to anthracite.—Lignite may 
be regarded as vegetable matter not completely mineralized. 
If it remained for ages deeply buried in the earth, and 
subjected to heat and great pressure, it might undergo 
successive alterations until it became true coal. And 
indeed the changes might not cease at that stage: 
even the ordinary coal of our own country is subject to 
further alteration, and may become still more removed in 
characters from its original condition. Thus, in the coal- 
field of South Wales, a curious change may be traced in 
passing from one end of the field to the other. In the 
eastern part, the coal is of the ordinary kind, such as is seen 
in our scuttles, and is called bituminous coal; towards the 
middle of the field this passes into semi-bituminous coal, 
which is a kind of fuel that does not burn with a bright 
gassy flame, but is valued for feeding the engines of steamers, 
since it emits but little smoke ; finally, in the western part 
of the coal-field, this steam-coal passes into a substance 
called anthracite,’ which is still less inflammable and still 
more removed from the original form of vegetable matter. 
Such changes in the character of the coal appear to be 
closely connected with the disturbance and fracture of the 
coal seams. Most deposits of coal have been thrown into 
basin-like shapes, and the beds are often broken up and 
otherwise disturbed by the injection of igneous rocks and 


1 Anthracite, from tv@pat, anthrax, coal or charcoal. 
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by lateral pressure. In these disturbed regions, the coal 
has been altered into an anthracitic material. The alteration 
which has been effected appears to be much like that which 
takes place when coal is artificially distilled for the manu- 
facture of ordinary illuminating gas. That part of the coal 
which contributes to the blaze of a fire is driven off as gas, 
while the coke-like portion is left behind. 

Chemical analyses show that during the conversion of 
vegetable matter into coals of various degrees of hardness, 
the percentage of carbon increases and there is steady 
diminution of the gaseous constituents. For instance, wood 
consists of about fifty per cent. of carbon and fifty per 
cent. of hydrogen, oxygen, and nitrogen, but anthracite 
contains as much as 94 per cent. of carbon, and only six 
per cent. of gaseous constituents. 

Changes of the kind indicated by these analyses have 
been carried on, during the past history of the earth, on an 
enormous scale ; and the great extent and thickness of the 
deposits of coal, which have thus been produced, show 
that vegetable life has played no insignificant part in the 
formation of the rock-masses which build up the earth’s 
crust. 


CHAPTER XV 
CORAL AND CORAL LAND 


Shell and coral beds.—lIt has already been pointed 
out that when an aquatic animal dies, its hard parts, such 
as a Shell, or bones, if it happen to possess any, will stand 
a fair chance of constituting a permanent contribution to 
the solid materials of the earth, by becoming embedded in 
mud, and preserved in this way from destruction. 

Such names as “ Shell-haven,” near Tilbury on the Essex 
coast, and “Shell-ness,” in the Isle of Sheppey, sufficiently 
indicate the abundance of shells which accumulate in certain 
regions of the estuary of the Thames; and on many other 
parts of the English coast enormous multitudes of shells are 
scattered upon the sea-beach and embedded in its sands 
and mud. 

Vast quantities of dead shells accumulate on oyster-beds ; 
and the dredge brings up similar objects, wherever it is 
allowed tu scrape along the bottom of the sea around our 
coasts. Moreover, in some parts of the Channel, small 
reefs are built up of nothing but the sandy habitations which 
are fabricated by certain marine worms. 

This operation of the formation of new land by animal 
agents is manifested in the most conspicuous manner 
and on a gigantic scale, by the coral reefs and islands of 
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which we learn so much in accounts of voyages in tropical 
seas. It is extremely common to hear, or read, that these 
masses of land are constructed by coral “insects.” As a 
matter of fact, however, the animals mainly concerned in 
the formation of these deposits are widely different from 
insects, while they are very similar to certain marine organ- 
isms which abound on our own coasts, and are of much 
simpler structure than any insects. 

A sea anemone.—Scarcely any visitor to the sea-side 
can fail to be familiar with the peculiar flower-like creatures 
which are popu- 
larly called sea 
anemones! 
(Fig. 199). 
They are com- 
monly to be 
found attached 
to the rocks in 
little pools of 
salt water left 
between tides. 
The body of 
the sea anem- 
one is a fleshy 


Fic. 199.—Section of a sea-anemone. About one-half 


sac, more or natural size, linear measure. ee a Sapo 
: = to the Coral Gallery” of the Britis useum (Natura 
less cylindrical aor se 


in shape, and 
closed at one end, which forms the base, by means of 
which the creature fixes itself to any solid object. Upon 
occasion it can quit its hold and, by movement of this 
fleshy base, is able to crawl over the sea-bottom. In marine 
aquaria, sea anemones may sometimes be seen creeping up 
the glass sides of the tank in this fashion. At the opposite 
1 Anemone, from the flower so called ; from vemos, avzemos, wind, in 
allusion to the flower being easily blown about by the breeze. 
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end of the cylindrical body there is a mouth, surrounded 
by a great number of feelers or tentacles, disposed in a 
‘circle, or more commonly in several circles one within 
another. So sensitive are these feelers that, if one be 
lightly touched, they are all quickly drawn in, and the 
creature shrinks to a small conical mass, looking like a mere 
knob of jelly stuck to a stone. But, when the feelers are 
freely spread out, they form a graceful crown, variously 
coloured and giving the animal a very flower-like appear- 
ance, not altogether unlike that of a China-aster, or some 
other member of that great group of plants represented by 
our daisies and dandelions. 

Structure of sea-anemones.—If any little animal, such 
as a shrimp, chance to come within reach of the outspread 
feelers, it is at once carried to the mouth and thrust into a 
sac, which occupies the centre of the body. Between the 
walls of this sac and those of the body there is a wide space, 
so that the arrangement may be compared to that of a 
pewter inkstand; the inner sac representing the glass 
vessel which holds the ink, and the rest of the body the 
body of the inkstand, into which the ink-holder drops. And 
just as there are holes round the top of the inkstand for 
holding pens, which holes open into the interspace between 
che inkholder and the body of the inkstand ; so, round the top 
of the body of the sea-anemone, there are openings, by which 
the cavities contained within the feelers communicate with 
the interspace between the inner and the outer sacs. Beyond 
this point, however, there are two important differences 
between the sea-anemone and the inkstand. For the inner 
sac is open at the bottom; and, consequently, the inter- 
space between the inner and the outer sacs, and the cavities 
of the feelers, are in free communication with the cavity of 
the inner sac; and, therefore, by means of the mouth, 
with the exterior. Hence, all the cavities are full of sea- 
water. In the second place, in the sea-anemone, a number 
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of vertical partitions stretch from the inner sac to the 
outer wall of the body, whereby the interspace between the 
two is divided into numerous chambers. 

- The food which is taken into the inner sac undergoes 
digestion ; its nutritive parts are dissolved and are diffused 
through the fluid which fills the body and thus serves the 
purpose of blood ; while the indigestible hard parts are cast 
out again by the mouth. The body of a true insect is 
divided into segments ; it has a digestive canal which does 
not open into the cavity of the body ; it has distinct organs 
of circulation and respiration, and a peculiarly formed 
nervous system. None of these features are to be met with 
in the sea-anemone ; which, therefore, is an animal of much 
lower grade than an insect. Indeed, it is much more nearly 
allied to the jelly-fishes which float in the sea, and to the 
fresh-water polypods or polyps of 
our ponds. The general name of 
polyp! is in fact applied to the 
sea-anemones no less than to the 
latter. 

Coral polyps.—The substance 
of the body of the common sea- 
anemone is quite soft, and in no 
species does it acquire a greater 
consistency than that of a piece 
of leather. But there are a few 
animals which live at consider- 
Spite) depricge as Our awn ‘sedgp P14-200-—-Coral polyp from the 
and very many which live in dis- 
tant parts of the ocean, the structure of which is in all 
essential respects similar to that of the sea-anemones, 
but with the addition of a very hard skeleton 
(Fig. 200). This skeleton, inasmuch as it is formed 


1 Polyp from modds, folus, “many,” and mobs, fous, ‘* foot”; an 


animal with several feet or several tentacles. 
H. & G. P. U 
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by the solidification of the base and side-walls of the 
body of the polyp, necessarily has the form of a cup; 


TENTACLES 


Yieoy ass 


MOUTH 


SOFT OUTER 
WALL OF THE BODY 


INNER SAC OR 
STOMACH 
INTERSPACE 
BETWEEN INNER 
SAC AND BODY WALL 


HARD PARTITION 


CALCIFIED OF THE CORAL 
BODY WALL 


BASE BY WHICH 
THE CORAL 1S FIXED 


Fic. 201.—Diagrammatic section of a single cup coral, to 
show the general structure of the polyp, and the rela- 
tion of the skeleton to the soft parts. 


hardened, but vertical partitions of the 


and it is termed 
acup coral, to 
distinguish it 
from other 
kinds of coral, 
such as the red 
coral, which, 
though pro- 
duced by simi- 
lar animals, are 
formed in a 
different man- 
ner. Not only 
are the walls of 
the body thus 
same character 


extend from the walls of the cup to its centre, in corre- 


spondence with the partitions 
which divide the cavity be- 
tween the inner sac and the 
body-wall. The hardening of 
the lower part of the coral 
polyp and that of the parti- 
tions is effected by the depo- 
sition, within their substance, 
of carbonate of lime extracted 
from the sea-water in which 
the animal lives ; just as the 


calcareous salts of the bones PIS: Pate a as pee con 


solid cup at the base. 


are extracted from the milk, parts of the Soft body, ‘and the 


and deposited in those parts 


of the body which are becoming bone, in a growing infant. 
The deposit converts the base of the polyp into a solid cement, 


y 
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which fixes the animal to the surface to which it is attached ; 
and if the polyp goes on growing, not merely in height, but 
in breadth, while the process of calcification extends as it 
grows, the coral will necessarily assume the form of an in- 
verted cone as exhibited in Fig. 201. It will be understood 


Fic. 203.—Living colony of coral polyps in contact with one another, 


that the deposit of calcareous matter does not extend into 
the region of the feelers, or into the inner sac, so that the 
formation of the coral skeleton no more interferes with the 
performance of the functions of the body in the polyp than 
the development of the bones of a man does with his 
eating and drinking. 

Sooner or later the coral polyp dies; then the feelers, 
inner sac, and all the soft upper parts of the body, and 
those which cover the skeleton, decay and are washed away, 
while the skeleton, or corallite as it is called when it is 
formed by a solitary polyp, is left as a contribution to the 
solid floor of the sea. 

Coral growth.—Such solitary coral polyps as have been 
described give rise to numerous eggs, the young developed 
from which float away, and sooner or later fixing themselves, 
oes 
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take on the form of the parent. Very often they have other 
modes of multiplication. A coral polyp may give off small 
buds, each of which grows into a perfect animal with its own 
stomach, mouth, and feelers, though it remains closely con- 
nected with the parent. In other cases, the coral animal 
spontaneously splits into two halves ; and these in turn may 
divide and subdivide, the product of each division growing 
into a perfect polyp. By frequent repetition of these 
processes of 
budding and 
splitting, the 
corals may form 
masses of great 
size; in some 
cases branching 
like a tree, with 
separate polyps 
budding out in 
all _ directions ; 
and in other 
cases spreading 


Fic. 204.—Mass of ‘‘ brain coral.” From the official into a conf 
“Guide to the Coral Gallery” of the British Museum c —~ 
(Natural History). mass, like the 


well-known 
“brain-stone coral,” which is to be seen in every museum. 
Since the multiplication of the polyps may go on to an 
almost unlimited extent, it is evident that the aggregated 
mass of coral, or corallum formed by the combination 
of numerous corallites, may be of enormous size, although 
the separate polyps in the coral colony are but small (Figs. 
203-205). In fact it is the growth of coral in this 
manner that forms those masses of land which are known 
as coral-reefs and coral-islands. 
Coral rock.—Such land is popularly said to be “ built” 
by the coral-animals ; but it should be understood that it is 


——— 
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not a constructive work, like the nest of a bird, or the comb 
of the bee. The land is simply an accumulation of the 
calcareous remains, or skeletons, of the coral polyps. The 
formation of this land is, indeed, very much like the form- 
ation of the peat-bog, described in Chapter XIV. It was there 
shown that the bog-moss dies below, while it continues to 
grow above ; and in like manner the coral polyps die below, 
leaving their calcareous skeletons, while they continue bud- 
ding and growing above: hence a coral-island can only be 


Fic. 205.—Mass of coral weighing about 13 cwt. From the official ‘‘ Guide to the 
Coral Gallery” of the British Museum (Natural History). 


said to be ‘‘ built” by the polyps in the same sense that a 
peat-bog can be said to be “built” by the plants of the 
remains of which it consists. 

Many islands in tropical seas are skirted by low banks of 
coral-formed rock. At high tide the surface of the rock 
is for the most part submerged, and its position is then 
marked only by a white line of heavy breakers. But at 
low water the surface is more or less exposed, forming a 
broad and bare platform, which rises slightly above sea-level. 
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Some islands are completely bordered by a margin of this 
coral-rock, while others are fringed only at certain points. 
Where a stream runs down from the land, and carries 
sediment to the sea, the reef is generally absent, for the 
coral polyps do not thrive in muddy water. 

Coral reefs.—Rocky ridges, which fringe a shore in the 
manner just described, are known as fringing-reefs, In 


Fic. 206.—Living coral on the Crescent Reef, Great Barrier Reef, fehl, EF ma 
a photograph by Mr. W. Saville-Kent. ; : ; 


other cases the coral-rock is not directly attached to the 
coast, but stands off at some distance, so as to form a 
barrier, perhaps many miles from land. Such reefs are 
consequently called barrier-reefs, Between the coast and 
the reef there is a channel of comparatively shallow water, 
forming a harbour, to which entrance is gained by a breach 
here and there in the reef, the reef itself constituting a 
natural breakwater. Patches of coral rock, forming small 
isolated reefs, may be scattered about the quiet channel, 


Ne 
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and the barrier itself may be broken up into a chain of 
detached reefs. Along the north-eastern coast of Australia 
there is a chain of these barrier-reefs stretching for a length 
of about 1,200 miles, and standing at an average distance 
of twenty or thirty miles from the coast (Fig. 206). The 
channel between this Great Barrier Reef and the land is 


_ termed ‘‘the inner passage,” and has a depth of about twenty 


or five-and-twenty fathoms; while outside the barrier-reef 


Fic. 207.—An atoll. Bird's-eye view of Caroline Island, one of the Marquesas 
e group, South Pacific. 


the depth of the sea suddenly increases to many hundred 
fathoms. 

In addition to the fringing and barrier-reefs, there is yet 
another kind, differing from those principally in being quite 
isolated from other land. The coral-rock thus forms a 
true island, rising from the sea usually as a low strip of 
land, more or less ring-shaped, but generally of irregular 
outline. In places, the strip of coral-land may bear a rich 
growth of cocoa-nut palms and other tropical forms of 
vegetation ; while inside the rim of land there is a shallow 
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lake, or lagoon, of clear green water, which strikingly con- 
trasts with the dazzling white coral-rock of the beach. 
Access to the lagoon is gained by a gap in the shore, and 
thus the island generally presents a horse-shoe shape. 
Several openings may occur in the belt of land, and the 
island consequently becomes broken up into a chain of 
islets. These coral islands are plentifully scattered through 
the Pacific and Indian Oceans, and are often known under 
the Maldive name of atolls (Figs. 207, 208). 


The building of coral-land.—lIn explaining the forma- 


tion of coral-land, it should be remembered that the corals 
themselves are powerless to raise the land above low-water 
mark, for the polyps perish when exposed above water. 


Dry land is, however, formed mechanically ; blocks of dead 


coral being broken off by waves from one part of the rock, 
and piled up upon another. The loose blocks, together with 


coral-sand and coral-mud, produced by the tear and wear of | 
the coral-rock, are cemented into compact masses by the | 
deposit of carbonate of lime previously held in solution. In _ 
the case of fringing-reefs the seaward, and in that ofatolls the — 


windward, side of the mass of coral is usually the highest, 
for it is here that the coral polyps flourish most luxuriantly ; 
while the dash of the breakers during storms tears off 
fragments of the coral-rock, and heaps them up on this side. 
It should be borne in mind that the land is not entirely 
formed of corals, since other creatures living in the lagoon 
and on the banks of the reef contribute their remains to 
swell the mass. Vegetable life too is not without its effect 
on the formation of the new land; and indeed: the outer 
edge of:a reef is often, in large measure, formed of 
nullipores, a kind of seaweed, the tissues of which are 
strongly impregnated with carbonate of lime. i 
Distribution of coral organisms.—Although corals 
of some kinds may be found in almost all seas, those 
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particular species which grow together in masses, and thus - 
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form reefs and islands, are limited to the warmer parts of 
the world. Reef-forming coral animals are restricted to 


NORTH KEELING ISLAND.. 
x Thickly covered with Cocoa-nut Trees. 


% 


Spit of Coral & Sand. Soundings said 
to extend nearly 5 miles to the S.S.W. 
Off the South Pt. heavy rollers rise 
very suddenly, making it dangerous 
to pass this way. 


Walker & Cockerell sc. 


Fic. 208.—Map of a coral island, copied from an Admiralty chart. 


waters in which the lowest winter temperature never falls 
below 68° F. (20° C.). If, then, a line be drawn through 
all parts of the ocean north of the equator, where the 


S | 
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coldest month has this average temperature, and a similar 


_ line south of the equator, they will include a zone within — 


which all the coral-reefs of the world are situated. It need 
hardly be said that these lines will not be straight lines 
running in circles round the world, like parallels of latitude, 
but will be irregular lines, rising in one part and falling in 
another, according as the temperature is locally affected by 
the presence of ocean-currents or by the proximity of land. 
This belt of warm water, congenial to the coral-makers, 
never extends beyond about 30 degrees from the equator. 
Limitations of depth.—Though the reef-building 
corals abound in many parts of this zone, they are not found 
in all parts of it. They are absent, for example, on the 
western coasts of Africa and America; and where great 
rivers debouch, the sediment and the fresh water, which 
they pour into the sea, interfere with the growth of the 
coral polyps. Moreover, reef-forming corals are restricted, 
not only in their superficial distribution, so as to be limited 
to certain /atitudes, but also in their vertical distribution, so 
as to be limited to certain depths. Indeed, the needful 
conditions for the growth of the polyps are found only in 
comparatively shallow water; for the food of corals is 
derived entirely from algze, and the depth at which these 
plants can live is determined by the depth to which light 


can penetrate sea-water. From the observations of Charles © 


Darwin, it appears that reef-building corals do not flourish 
at greater depths than between 20 and 30 fathoms, and are 
for the most part restricted to about 15 fathoms of water. 


ee ell 


Knowing this, it might not unnaturally be assumed that — 


coral-reefs and coral-islands would always be confined to 
shallow seas. As a matter of fact, however, soundings 
outside a barrier-reef or an atoll often show an enormous 
depth of water, the outer edge sinking down abruptly like a 
coral-wall. The early navigators knew that coral-islands 
were not unfrequently surrounded by very deep water ; but 
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this fact presented no difficulty, until naturalists became 
aware of the small vertical range to which the living corals 
are limited. Various attempts were then made to reconcile 
the two apparently opposed facts, and in 1837 Darwin 
advanced an ingenious hypothesis which apparently not 
only solved the puzzle, but also brought the several classes 
of coral-reefs into close relation with each other. 

The subsidence theory of coral-reefs.—According 
to Darwin’s view, the coral-rock has in all cases been 
originally formed in water not deeper than about 20 
fathoms ; and when found at greater depths it must have 
been carried down by subsidence of the rocky foundation 
on which the polyps lived and died. 

It has already been shown that coral-polyps can multiply 
by processes of budding and splitting ; but it should be 
added that they can also multiply by means of germs, which 
are thrown off from the parent as free-swimming bodies. 
Suppose that some of these embryonic corals settle upon a 
sloping shore, in shaliow water, where the conditions of life 
are favourable ; there they may goon multiplying, until they 
form masses of considerable extent, skirting the land, but 
never extending seawards to a depth of more than 20 or 30 
fathoms. Let the land, with its little fringing-reef, now 
slowly sink; that part which is carried down lower than 
about 30 fathoms will consist of nothing but dead coral ; but 
the upper part of the reef will continue to grow, and, if the 
subsidence be not more rapid than the upward growth, the 
level of the reef will appear to remain stationary, at about the 
sea-level. It has been said that the coral-polyp flourishes 
best at the outer margin of the reef, where it is bathed 
by the surf. For this and other reasons, the reef is 
highest at this edge ; while, between the outer margin of the 
reef and the shore, there is a channel formed by the entry 
of sea-water during subsidence. In fact, the fringing-reef, 
as it has been slowly carried down, has become converted 
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ference to the sections in Fig. 209. 

Outside the barrier, on its seaward edge, there may be a 
great depth of water, varying according to the extent to 
which subsidence has 
gone on. By con- 
tinued subsidence of 
an island encircled 
by a barrier, the la- 


and wider. At length 
only a few rocks may 
stand up in the cen- 
tre of the lake ; even 
these may at last 
disappear, leaving 
nothing but a sheet 
of water surrounded 
by the reef, and the 
barrier in this way 
becomes converted 
into an atoll. 


KOC (Cag a The elevation 

THIRD STAGE: Copal ISLAND, and dissolution 
Fic. cae f devel t of al fi = 

oe seceding re ihe Subsldeuse (heer: = theory -—According 


to Darwin’s theory, 
barrier-reefs and coral-islands indicate where the land 


is, or has been, slowly sinking; but evidence obtained 


by later investigators has shown that in many cases the © 


reverse is probably the case. A theory put forward by 
Sir John Murray in 1880, and since substantiated by the 
results of studies carried on by careful naturalists in various 


goon becomes wider. 


} 


parts of the world, suggests that the land on which reef- 
corals have built has been brought within their range of — 


operations by elevation due to submarine volcanic action or _ 
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by the deposition of remains of organisms which live and 


die below the 
depth to which 
reef-building 
corals are limi- 
ted. Instead of 
beginning with 
a fringing-reef 
which becomes 
converted into 
a_ barrier - reef 
and then an 
atoll as the land 
subsides, it is 
believed that 
an atoll repre- 
sents a mass of 
coral rock 
which has been 
brought to the 
surface by the 
accumulated 
remains of po- 
lyps, and of 
which the cen- 
tral parts have 
been dissolved 
away by the 
water so as 
to produce a 
hollow which 
forms a lagoon, 
while the rim 
is continually 
growing out- 


(1) SUBMARINE ELEVATION 


(2) ACCUMULATION OF ORGANIC REMAINS 
t sla 


Ee 


(3) SUMMIT OF REEF-BUILDING CORALS 
aN AY 


(4) OUTWARD EXTENSION OF CORAL REEF 


Fic. 210,—Stages in the development of coral reefs, 
according to the elevation and dissolution theory. 
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ward. In the lagoon the supply of food is limited 


and the growth of coral polyps is therefore less rapid 
than on the outer margin washed by the currents of the open 
sea. While the outer edge is being extended seaward, the 


dead coral in the lagoon is being dissolved by the water and ~ 


washed away, so that though the coral-ring expands as 
time goes on, its breadth remains approximately the same 
(Fig. 210). 

The formation of barrier-reefs from fringing-reefs can also 
be explained by the erosion of the landward edge—where the 
polyps grow but sparingly—and the extension of the sea faces 
of the reefs, where these organisms have their fullest develop- 
ment. Some of the barrier-reefs of the Society Islands, of 
Fiji, and of the Carolines afford good evidence that the wide 
and deep lagoons which separate them from the land mass 
have been formed in this way, by the erosion of a broad 
fringing-reef flat. Many barrier-reefs flank volcanic islands 
and are underlaid by volcanic rocks, while others are on 
platforms formed by outlying parts of the adjoining land 
masses, which crop out as islands and islets in the very 
outer edge of the reefs. 

Probably no single explanation will account for the forma: 
tion of all types of coral reefs, but the observations of recent 
years Clearly show that only in a few exceptional cases do 
reefs owe their existence to the subsidence of the land 
around which they formed only a fringe. In some cases 
the platform upon which the superstructure of coral has been 
erected consists of limestones and volcanic rocks which once 


rose above sea-level and have been worn down by denuda- — 


tion; in others the foundation consists of the remains of 
deep-sea organisms on submarine mountains and elevated 
plateaus, or on the flanks of mounds produced by sub- 
marine eruptions. Finally, instead of being situated on 
subsiding land, the great coral reef regions occur, with few 
exceptions, in areas which are being elevated and are 
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thus brought within the sphere of activity of reef-building 
organisms. 


1 Several important investigations of coral-reefs have been made in 
recent years, and the latest results appear in the following publications : 
(1) The Atoll of Funafuti: Report of the Coral Reef Committee of the 
Royal Society, 1904. (2) The Fauna and Geography of the Maldive 
and Laccadive Archtpelagoes. Notes on Coral Formations. By. J: 
Stanley Gardiner (Cambridge : University Press. 1902-1903). (3) The 
Coral Reefs of the Tropical Pacific. By Prof. A. Agassiz. Memoirs of 
the Museum of Comparative Zoology at Harvard College. Vol. xxviii. © 
1903. 


CHAPTER XVI 
SUBMARINE DEPOSITS AND RELATED ROCKS 


Submarine studies.— The operations of the reef- 
building coral polyps are carried out on a gigantic scale. The 
Australian barrier-reef alone spreads a constantly increasing 
deposit of coral limestone over an area larger than that of 
Scotland ;! while the totality of the surface over which 
coral reefs are spread in the Pacific Ocean exceeds that of 
Asia. Moreover, reefs and atolls are conspicuous objects, 
forcing themselves on the attention of the traveller by their 
beauty and their singularity, and awakening that of the 
navigator by the dangers which they create. But the con- 
version of the contents of the ocean into solid rock is con- 
stantly taking place, over a still greater area, and probably 
as rapidly, by agents which are inconspicuous, and indeed 
for the most part invisible; not only by reason of their 
minuteness, but because the results of their work accumulate, 
not in shallow waters, but at the bottom of the deep sea. 
Out of sight, they would be also out of mind, if various 
circumstances had not of late years led to the careful 
exploration of the depths of the ocean. 


1 The area of the barrier-reef is estimated to be 33,000 square miles ; 
that of Scotland is 31,324 square miles. 
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Almost everything that is known about the deep-sea 
bottom and its inhabitants has been learnt since the middle 
of the nineteenth century. Explorations of the sea have 
been actively carried on in various parts of the world; and 
the valuable series of observations obtained during the 
expeditions of H.M.S. Chad/lenger and other vessels equipped 
for marine investigations has given us exact information of 
its nature, at a series of stations, in all the great oceans. 

Sounding the ocean.—In the ordinary method of 
sounding, or ascertaining the depth of the sea, a leaden 
weight is attached to the end of a graduated line, and rapidly 
run out until the weight strikes the bottom. To procure a 
sample of this bottom, the lead is “armed” ; that is to say, 
the bottom of the weight, which should be slightly hollow, 
is covered with tallow, and a small quantity of the mud or 
other material at the bottom sticks to this grease, and may 
thus be brought up for examination. Such rude means are 
sufficient for sounding in shallow water, but more compli- 
cated instruments are required for deep-sea soundings. 
Most of these instruments act upon a principle first sug- 
gested by Lieutenant Brooke, of the U.S. Navy—that of 
causing the weight to detach itself from the line on reaching 
the bottom. The sounding-line thus runs down carrying a 
weight, but comes up free, bringing only a sample of the 
bottom, which is collected from the floor of the sea in a 
cup, or a tube, or a scoop. 

The “ Hydra” sounding’ machine.—Without referring 
to the various modifications of sounding apparatus which have 
been employed by successive deep-sea expeditions,! it will 
be sufficient to describe the sounding machine which was 
very largely used during the voyage of the Chalécnger. This 


1 Descriptions and figures of these instruments will be found in Zhe 
Depths of the Sea, by Sir C. Wyville Thomson. The sounding apparatus 
itself may be seen in the Victoria and Albert Museum at South 
Kensington. 

H. & G. P. x 
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is represented in Fig. 211, which also shows a section of the — 


instrument. 
The apparatus consists of a metal tube a, mostly of iron, 


five and a half feet in length, and two and a half inches in ~ 


diameter. Its upper end is. fur- 
nished with a brass cylinder, J, in 
which a heavy piece of iron works 
up and down, like a piston in a 
cylinder. At ¢, this iron is furnished 
with a shoulder, which carries the 
iron-wire sling to which the sinking- 
weights are attached. These sinkers, 
d, are made of iron, cast in the form 
of cylinders, each with a central 
hole; they are prowded with teeth 
and notches, so as to fit one into 
another ; and thus several may be 
fitted together, forming a compact 
mass perforated by a central canal, 
through which the tube passes. As 
Fic. 21r.—Deep-sea sounding the instrument runs down, water 
apparatus used by the Chad- : 
lenger. enters the tube a, at its open end e, 
and passes out through holes in the 
upper part. On striking the bottom, the tube sinks into the 
mud or other material, and a small quantity enters ; and 
this is prevented from escaping by means of a pair of 
butterfly-valves, opening inwards, which are attached to the 
bottom, ¢. When the floor of the sea is touched, the brass 
cylinder, 4, is pushed up, and striking the shoulder, ¢, of the 
iron piston, throws off the sling, and thus releases the weight. 
Thus, when the line to which the instrument is attached is 
hauled in, it carries to the surface nothing but the tube full 
of the sea-bottom. It is by means of such instruments that 
the deep sea has been sounded, and samples of the bottom 
brought to the surface for scientific examination. 
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The bed of the Atlantic.—The careful soundings 
“made during these surveys revealed the remarkable con- 
figuration of the Atlantic sea-bed. This is shown in Fig. 212, 
which represents the contour of the floor of the sea between 
Valentia Island off Ireland, and St. John’s in Newfound- 
land. It will be seen that there is a gradual downward 
slope from the Irish coast, for a distance of about 200 
miles ; then there is a more rapid descent leading to a vast 
undulating plain which stretches across the ocean, until it 


_ FMs,. NEWFOUNDLAND 


~TRINITY BAY SEA LEVEL 
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Fic. 212.—A, B,C taken together represent a section of the Atlantic between New- 
foundland and Ireland. Vertical scale about fifteen times horizontal scale. The 
part between a 4 off the plateau is drawn to true scale at D, 

reaches a distance of about 300 miles from Newfoundland, 

and from thence it gradually ascends towards the American 

coast. In the diagram this descent looks like a steep cliff. 

But this is a deception arising from the exaggeration of the 

vertical height. Drawn to a true scale as in JD, Fig. 212, 

the inclination of the slope is seen to be not more than 

r in 25, or that of a hill of moderate steepness. If it were 

a mere question of gradients, a wagon could be driven 

along the sea-bottom from Ireland to Newfoundland without 

any difficulty. This great submarine plain, which has been 
called the telegraph plateau, has a width of more than 

1,000 miles, and an average depth of more than 1,000 


fathoms, 
az 


; 
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Nature of calcareous 00ze.—The bed of the Atlantic 


is almost uniformly covered with a wide-spread deposit of — 


fine creamy or greyish mud, generally called ooze, When 
this mud is dried, it hardens into a grey friable substance, 
which may be used for writing on a board, as chalk is used. 
- Moreover, when any acid is poured upon the mud, the 
greater part of it dissolves with effervescence, just as a piece 
of chalk would do ; and it can readily be ascertained that 
the ooze, like chalk, consists 
mainly of carbonate of lime. 

This calcareous ooze, how- 
ever, is not mere mineral 
matter ; for when a little is 
placed under the microscope, 
the greater part of it is seen 
to consist of such bodies as 
those represented in Fig. 


a of several globular chambers, 
Fic. 213.—Ooze from the bed of the one of which is smallest and 
Atlantic: depth 1,600 fathoms. Magni- b 
fied 50diameters. Fromaphotograph ONE largest, while the cthers 
by Mr. J. E. Barnard. . C z 
are of intermediate dimen- 
sions, disposed around a common centre, and adherent to- 
gether. Each chamber has an opening in the face which is 
turned towards the centre; and in the living state all the 
chambers are filled with a protoplasmic substance, which 
spreads over the surfaces of the chambers, and sends out 
long radiating contractile threads. The walls of the 
chambers are hard and brittle, from the large quantity of 
carbonate of lime which they contain; and in the smaller 
chambers they are very thin and quite transparent. In 
the larger, they become thick, :and the outer part of 
their substance acquires a prismatic structure. In speci- 
mens taken from the sea with great care, the outer 
surfaces of the chambers are beset with long slender cal- 


aE 


213. Each of these consists — 
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careous processes, like threads of glass; but these very 
readily break off. : 
Globigerina 00ze.—The bodies thus described are the 
skeletons of animals of a very simple character, known as 
Globigerina bulloides, belonging to the group which has been 
named the Foraminifera! (Fig. 214) in consequence of the 
numerous __per- 
forations usually 
visible in their 
hard parts. 
Many of these 
organisms and 
also certain free- 
swimming mol- 
luscs termed 
Pteropods, 
having calcare- 
ous shells, live at 
or near the sur- 
face of the ocean 
where the tempe- 
rature never falls 


Fic. 214.—Group of various forms of Foraminifera, 
below 60° F.,and magnified 25 diameters. From a photograph by 


: Mr. J. E. Barnard. 
when they die 


their thin calcareous shells fall to the bottom of the sea. 
Other forms pass all stages of their life on the ocean floor 
where their shells are found, so that the marine deposits 
contain not only the remains of animals which lived their 
whole life in tropical and sub-tropical regions, but also of 
animals which lived at a temperature only two or three 
degrees above the freezing point of fresh water. Wherever 
the ocean floor is dredged, except in the polar regions, the 
shells of various types of Foraminifera are found mingled 
with the remains of other organisms. 


1 Foraminifera, Lat. foramen, an aperture ; and fer, I carry. 
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Caleareous deposits on the ocean floor.—Over the 
‘ whole of this enormous extent of ocean, therefore, these 
shells and skeletons are accumulating, many of them falling 
from the surface through perhaps two or three miles of sea- 
water as an incessant rain of dead matter upon the ocean 
floor. It is probably an over-estimate if we assume that the 
average bulk of the calcareous matter contained in each full 
grown Globigerina amounts to 7,59¢.000th of a cubic inch. 
Nevertheless, we have seen that pluvial denudation, however 
slow and insignificant the wear and tear of rain and rivers 
on dry land may appear to be, effects a vast destruction of 
the solids of the globe when continued through long ages ; 
and this prepares the mind to view, in the incessant down- 
pour of lime-drizzle in the ocean, a no less potent agent of 
reconstruction. If we suppose that the total thickness of 
the deposit of solid matter on the sea-bottom, arising from 
the accumulated remains of Foraminifera, is as much as one- 
tenth of an inch a year; then, if the present state of the 
Atlantic and Pacific Oceans has existed for only 100,000 
years, this apparently unimportant operation will have 
sufficed to cover their floors with a bed of limestone no 
less than eight hundred feet thick. 

Although the Globigerina shells (Fig. 215) constitute the 
greater part of the substance of the ooze, the remains of other 
organisms are found with them, Among these, other Fora- 
minifera are very common; and especially one form, the 
Orbulina, which is very closely allied to, if not a condition 
of, the Globigerina itself. 

Besides these, there are innumerable multitudes of very 
minute saucer-shaped disks, termed coccoliths, which are 
frequently met with associated together into spheroidal 
aggregations, known as coccospheres (Fig. 216). 
Little is known even now about the life history or 
affinities of these minute organisms, but they are usually 
regarded as simple algz, or. as the spore-cases of. alge. 
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Other minute calcareous bodies are called rhabdoliths ; 
they differ slightly from coccoliths in their shapes, and 


their nodular 
aggregations 
form rhabdo- 
spheres. 
Siliceous de- 
posits.— Calca- 
reous organic 
remains consti- 
tute the greater 
part of the ooze 
brought up from 
the floor of the 
Atlantic, but at 
the bottom of 
parts of the Pa- 
cific and Indian 
Oceans and in 


Fic. 215.—Globigerine. 
From a photograph by Mr. J. E. Barnard. 


Magnified 2; diameters. 


the Antarctic deposits are met with containing multitudes 
of siliceous skeletons, some of which belong to simple animal 
forms, such as Radiolaria (Fig. 217) and certain species 


Fic. 216.—A coccosphere. 
1,000 diameters. 


Magnified ~ 


of sponges, which are, how- 
ever, unlike those of com- 
merce, while others are vege- 
table organisms, belonging to 
the group of Diatoms (Fig. 
218) described in Chapter 
XIV. The Diatoms and the 
Radiolaria inhabit the surface 
of the ocean, along with the 
Globigerine and Orbuline, 
but the sponges live at the 
bottom, and their relics are 
represented by siliceous 
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spicules. Here and there, the remains of other animals 
which inhabit the depths of the sea, such as starfishes, sea- 
urchins, and various shell-fish, are also embedded in the 
ooze, and contribute to the solid submarine deposit. 


anaes inne atl 


Fic. 217.—Radiolarian ooze. Magnified Fic. 218.—Diatom ooze. Magnified 
50 diameters. From a photograph 4o diameters. From a photograph 
by Mr. J. E. Barnard. ’ by Mr. J. E. Barnard. 


Dissolution of Globig‘erinz.—It has been seen that 
living Foraminifera are found in the uppermost stratum of 
the sea, all over the warm and temperate parts of the world. 
Hence, it would seem to follow, that Globigerina-ooze 
should be found covering the bottom of the sea over the 
whole of these regions ; and, in fact, it is met with at all 
depths between 250 and 2,900 fathoms, over an immense 
extent of both the Atlantic and the Pacific Oceans. 

But the most widely distributed deposit on the sea-bottom 
is not Globigerina-ooze, but a red mud, which appears to | 
be nothing but clay in a very finely divided state. This 
deposit is met with at a great distance from land and ata 
very great depth, more than 2,500 fathoms in fact ; and the 
naturalists of the Challenger observed that, in passing from 
the adjacent region covered with the ordinary Globigerina- 
ooze, into one of these red-clay areas, a region covered with 
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a sort of grey mud (grey ooze), intermediate in its 
character between the Globigerina-ooze and the red clay, 
was traversed. Where the grey ooze began, the Globigerina 
shells appeared to be corroded, as if they had been attacked 
by an acid; and, as the red clay was approached, they 
became more and more fragmentary, and at length altogether 
disappeared. 

There can be no doubt that the remains of surface 
Foraminifera fall over the area occupied by the grey ooze and 
the red clay just as persistently as elsewhere. What then 
becomes of the shells? There seems to be no escape from 
‘the conclusion that the calcareous matter of which they 
are composed is dissolved away. ‘The Globigerinz are so 
minute, that their skeletons must take a great length of time 
to subside through the three or four miles of water which 


CALCAREOUS REMAINS. Siricrous REMAINS. 


Foraminifera. Radiolaria. Sponge spicules. 


Fic. 219.—Typical remains found in deep-sea deposits. 


overlie the deeper sea-bottoms. But sea-water contains 
much carbon dioxide in solution, and it has already been 
seen that carbonate of lime, especially if finely divided, is 
soluble in such water. Hence, it is highly probable that 
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the foraminiferal shower is in part redissolved before it 
reaches the bottom; and that, other things being equal, the 
greater the depth, the greater will be the loss suffered in this 
manner. 

Origin of red clay deposit.—It has been suggested 
that the red clay is the residuum left after the Globigerinee 
have been dissolved ; but there is no sufficient evidence that 
pure and clean Globigerina shells contain any appreciable 
proportion of such mineral matter. 

The principal constituents of the red clay are such as would 
be derived from the disintegration of pumice and volcanic 
dusts. The material thus appears to be due to the decom- 
position of volcanic ejections which have been borne about 
by winds, and finally scattered over the surface of the ocean. 
Fragments of volcanic minerals are everywhere found in 
the Globigerina ooze; and it is highly probable that the 
products of “volcanic showers” are intermixed with the 


foraminiferal deposit all over the ocean. In those localities © 


in which the Foraminifera are dissolved before they reach 
the bottom, the volcanic minerals remain as the sole 
constituent of the ooze, and by their decomposition give rise 
to the red clay. Mingled with the red clay are found 
numerous shark teeth, and ear bones of whales, and also 
particles of iron and nickel believed to represent the dust of 
shooting stars which have fallen through our atmosphere 
from outer space. 

Ocean bed and dry land.—From what has been said 
it follows that if, in consequence of one of those movements 
of upheaval to which reference has been made, the present 
bed of the Atlantic were raised to the surface and became 
dry land, the many thousand square miles of new. dry land 
thus produced would be found to be covered, for an unknown 
thickness (amounting possibly, and indeed probably, to 
hundreds of feet), with a bed of softish limestone. ‘The 
great bulk of this calcareous rock would be made up of 


Ce 
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entire or fragmentary Globigerina and Orbulina shells ; but 
it would contain in addition other Foraminifera, shells of 
shellfish, remains of starfishes and sea-urchins, and of such 
other animals provided with hard skeletons as are now 
living in the Atlantic. It would in fact be a highly 
“‘fossiliferous” limestone, with more or less silica, in 
the shape of Radiolaria skeletons and sponge spicules, 
scattered through its mass, and would constitute an element 
of no small magnitude and importance in the composition 
of the earth’s crust. 

Chalk and 00ze.—A close resemblance exists between 
some of the rocks which make up the dry land of the earth 
and the deposits at present found on the floor of the ocean. 
There is little doubt that the chalk, which forms the 
North and South Downs and lies beneath London as a bed 
several hundred feet in thickness, represents the mud of an 
ancient sea-bottom ; for multitudes of remains of animals 
have been obtained from it, most of which belong to such 


errs 


Fic. -220.—Similarity of organic remains in chalk and Atlantic ooze. From 
photographs by Mr. J. E. Barnard. 


groups’ as are exclusively marine at the present day. The 
area once occupied by the chalk was therefore, at one time, 
covered by sea. And it may be further concluded that it 
was at some distance from any extensive land, inasmuch as 
the chalk contains no such mixture of clay and sand as 
would be derived from denudation. But there is another 
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reason for believing that the chalk ocean was fairly deep ; 
that is to say, over 100 fathoms. Ifa slice of chalk is cut, 
ground thin, and mounted in Canada balsam, so as to 
become transparent, shells of Foraminifera may almost 
always be detected in it, and sometimes they abound, The 
commonest form isa Globigerina, indistinguishable from that 
which constitutes the bulk of the Atlantic ooze (Fig. 215). 
Moreover, coccoliths and coccospheres are plentiful in the 
chalk, which differs, however, from the ooze in the greater 
ratio of granular particles, without any definite shape, to 
recognisable organic remains ; and in the absence of those 
siliceous shells and skeletons, which are so constant in the 
ooze (Fig. 220). 

Many extensive beds of limestone and chalk-marls also 
resemble deep- 
sea oozes, both 
in microscopic 
character and 
\. chemical compo- 
aN sition. 

q Radiolaria 
in rocks.— 

( There. 1s -€vi- 
dence that when 

the massive de- 
posits of carbon- 
iferous limestone 
of England were 
being formed on 


Fic. 221.. Radiolaria. Magnified 25 diameters. From what was then 
a photograph by Mr. J. E, Barnard. an ocean floor 
’ 


there existed a deeper ocean towards the south-west part of 
the area, where siliceous organisms predominated. Dr. 
Hinde and Mr. Howard Fox have found that certain beds 
in Devon, Cornwall, and West Somerset contain abundant 


ee 
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remains of Radiolaria, mostly in the form of siliceous casts 
of the original organisms. Deposits of a similar character 
to these fossil beds are now known only from great oceanic 
depths ; hence the conclusion is reached that the radiolarian 
rocks of the West Country were laid down in the deep 
water of an open sea at some distance from a shore line.! 

Radiolaria are also found in certain chert beds in the 
south of Scotland ; and in the West Indies earthy deposits 
occur which consist largely of the relics of these animals 
and of various Foraminifera. But though many strata are 
known which closely resemble oceanic oozes containing 
Foraminifera, Radiolaria, sponge spicules, and diatoms, none 
of the rocks which make up the land surface of the earth 
are identical with the accumulations of red and grey clay 
which are being formed in the deepest parts of the ocean. 
About 70 per cent. of the ocean floor has a depth greater 
than two thousand fathoms ; and the deposits upon it have 
no formations like them upon the land. It therefore ap- 
pears probable that the parts of the ocean bed below the 
two thousand fathom line represent permanent depressions 
in the earth’s crust, and have never been raised above sea- 
level, this conclusion being the same as that previously 
arrived at from other considerations (p. 233). 

1 Radiolarian Rocks in the Lower Culm Measures of Devon, Corn- 


wall, and West Somerset. By Dr. G. J. Hinde and Mr. Howard Fox. 
Quarterly Journal of the Geological Soctety, November, 1895. 


CHAPTER XVII 
GEOLOGICAL STRUCTURE AND HISTORY 


Agents of change.—In the preceding chapters, the 
general character of our rivers and the form of the surface 
which they drain have been considered ; their waters have 
been followed to the sea, and thence, by way of the atmos- 
phere, back to the land surface ; while the atmosphere, and 
the waters of the.land and sea, have been traced back to 
the elementary bodies of which they are composed. The 
rivers, and the rains which feed them, were next considered 
as agrinding and dissolving machinery, by which the surfaces 
of the river basins are being insensibly worn away. and their 
materials carried down to the ocean ; while the sea, so far as 
it washes the banks and shallows of the estuaries and of the 
adjacent coasts, was shown to be ano less persistent destroyer 
of the dry land. And then, seeing that all rivers and all 
oceans are engaged in the business of denudation and dis- 
solution, it became a matter of interest to discover what 
natural operations, if any, tend to compensate this constant 
wear and tear of the dry land. Such compensating agents 
were found in the forces which tend to raise submerged 
land ; in volcanoes, which transfer matter from the interior 
to the surface ; and, lastly, in living matter, which’ on the 
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whole tends constantly to increase the solids of the globe, 
at the expense of its fluid and gaseous components. 

With these conceptions of the general nature of the 
agents which are now at work in modifying the crust of the 
earth, it will be possible to start with profit upon a new 
series of considerations. 

Soil and subsoil.—Our country presents, as has been 
seen, a surface diversified with hills and valleys; this 
surface is generally covered with a comparatively thin layer 
of soil, which in many places has been more or less altered 
in character by the builder, the road-maker, or the farmer, 
and is then known as “made ground.” But beneath this 
lies the subsoil, which forms the uppermost part of the 
solid floor. 

It has been seen that the subsoil varies very much at 
different places, being here gravel or sand, there clay, in 
other places chalk or other kinds of calcareous rock, or 
sandstone, granite, &c. Moreover most of these materials 
are arranged in layers or strata; so that, if a vertical 
cutting were made deep into the earth, the faces of the 
section would generally present a succession of layers one 
above the other. It has been mentioned that quarries and 
railway cuttings, here and there, afford the opportunity of 
examining the strata in their natural relations and order of 
superposition. The shafts and galleries of mines give us 
a view of deeper stratification; and in boring for wells, 
artesian or other, the succession of strata is indicated by 
the fragments drawn up, although the bores or holes are 
too narrow to allow the strata to be inspected 7m sz¢u. In 
some districts the stratification is shown on a grander scale, 
where the denuding action of water and ice has worn down 
the rocks and left their rough edges exposed in cliffs and 
mountain sides. 

Arrangement of strata.—As explained in previous 
chapters, there is no doubt that these strata were originally 
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formed or deposited in a horizontal position, with only 
slight irregularities, due in some cases to the action of 


Fic. 222.—Triassic sandstone at Hilbre Island, 
Cheshire, showing the effect of currents upon the 
distribution of the layers of a deposit of sand. 
From a photograph by Mr. C, A. Defieux. 


currents upon the 
sedimentary mate- 
rial being laid 
down (Fig. 222); 
and yet they are 
seldom found 
lying horizontally 
for any great dis- 
tance, for in course 
of time the move- 
ments of the 
earth’s crust tilt 


most of the strata in one direction or another. Sometimes 
the tilting is very considerable, causing strata to rise to the 
surface in one direction, while in the opposite direction they 


Fic. 223.—Folded carboniferous limestone in Draughton Quarry, near Skipton, 


Yorks, From a photograph. 
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dip and disappear beneath overlying rocks. Beyond the place 
where they dip out of sight their presence may often be 
demonstrated by boring ; or they may rise to the surface again 
miles away. It 
was mentioned 
on page 221 
that, when 
rocks arefolded 
in this way, the 
bottom or con- 
cave part of the 
curve is called 
the synclinal, 
and the apex 
OF Convex SYNCLINAL FOLDs. 
part the anti- 
clinal;. It 
is easy to un- 
derstand that 
the effect of 
denudation 
upon layers of 
hard and soft Pe = 
rock folded in yg ay 
these ways may tps 


SSS ees 
SS eS Soe 


Hy 


jp 
WEEN 
Vase) YE RRA eA 
Ley YY, LLKK thy 
produce such Mckee catia 


Al 
v 


undulatin g sur- ANTICLINAL FOLDS, 


Fic. 224.—Crumpled beds of rock and the surface features 


faces as are produced by the different degrees of denudation of hard 
5 and soft layers. From Bulletin No. 150 of the U.S. 

represented iA Geological Survey. 

Fig. 224. 


Rocks of recent origin.—A correct understanding of 
the development of the earth’s crust is best acquired by 
studying first the rocks that are in process of being de- 
posited ; passing thence to others the growth of which is 
completed, but which are nevertheless comparatively recent 

H. & G. P. vi 
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in origin ; and afterwards considering older and still older 
rocks. By this method ye learn how time gradually modi- 
rs fies tHe rocks, 
through the ac- 
tion of chemi- 
cal changes and 
the movements 
of the earth’s 
surface. 
The deposi- 
Fic. 225.—Illustration of outcrops, strike, and dip by tion of mud, 
means of an upturned book. gravel, &e., may 
be observed in most of our rivers and estuaries, and some of 
these materials, after the lapse of ages, will become rocks. But 
for the study of rocks, the deposition of which is complete 
though comparatively recent, there is no better district in 
the British Isles than the valley of the Thames. For in 
the neighbourhood of London and the Thames estuary we 
find the most extensive area of later or Tertiary rocks in 
Britain, and as we journey thence to other parts of the 
country we pass over the earlier rocks in remarkably regular 
SUCCESSION, AS ChEY ppp ernest 
emerge one after . sky. 
another from be- 
neath the _later- 
deposited rocks. 
River gra- 
vel and loam.— 
Much of the sub- 
soil in and about 
London is formed ° 
of gravel which 


the river washed and ates at River Lea. Upper layers con- 
sist of dark silt, peat, and clay, eight feet thick ; 
down from rocks these rest upona layer of stratified gravel five feet 


thick. Reproduced, by kind permission, from a 
hi eher up the photograph by Mr. H. W. Monckton. ” 


Fic. 226.—Section on the marsh between Tottenham 
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valley, and deposited over a large area, when the present 
land-surface was at a lower level and formed the floor of 
the estuary. In addition to the gravel there are deposits of 
—_ Hampstead . Downs Weald . 


N. Woburn 


Fic. 227.—Section across the London basin. (H. B. Woodward.) Alluvium and 
valley gravel not shown. 10, Bagshot beds; 9, London clay; 8, Blackheath 
beds, Woolwich and Reading beds, Thanet beds; 7, chalk; 6, upper green- 
— i 5, gault ; 4. lower greensand ; 3, weald clay; 2, Hastings beds ; 1, Ox- 
ord clay. 


loam, or soft sandy clay, one variety of which is known 
as brick-earth, since it is largely worked by brick-makers. 
This loam seems to have been deposited in broad shallow 
areas of the ancient estuary, where, owing to the compara- 
tive stillness of the water, the mud and sand had time to 
settle at the bottom. 

London clay.—Beneath the gravel, sand, and clay of 
recent origin lies a thick stratum of firm dense clay, con- 
taining layers of sand, pebbles, &c. This earlier rock, 
known as the London clay, forms a kind of trough 
under London, the edges rising to form the hills around 
Hampstead on the north, and around Sydenham on the 
south. The highest of these hills are capped with a stratum 
known as Bagshot sand, and this sand forms a prominent 
feature on Hampstead Heath (Fig. 227). 

Tertiary rocks.—There is good reason to believe that 
in former times the London clay extended in a continuous 
layer over a large area in the south of England, and that it 
was covered with extensive deposits of Bagshot sand and - 
other sedimentary materials. These strata are known as the 
Eocene formation, and form part of the so-called Ter- 
tiary group of rocks. Although deposited long ages ago, 
they are of much later date than the chalk, which is classed 


as a secondary rock; and by comparison with still more 
¥Y 2 
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4 
ancient rocks, such as our coal formations, classed as | 
ptimary, they may almost be called modern. But the ~ 
former large area of tertiary formations in England has ~ 
been extensively removed by denudation; so that now — 
these rocks are to be found only in a few districts—chiefly — 
in the neighbourhood of London and the Thames estuary, — 
and in parts of Hampshire and Dorset. Tertiary 
rocks are more abundant in France; and it is interesting 
to note that they enter largely into the formation of the 
Alps. 

Fossils. —The various strata which make up the floor of 
a river basin often contain fossil remains of animals or 
plants, or of both, sometimes in great abundance. Some 
of these fossils are land and fresh-water shells, which once 
lived in the river and on its banks; and are, for the most 
part, not different from those living in the locality at the 
present day. A few of the shell-fish, however, have long 
ceased to dwell in the rivers of this country, though still 
found in other parts of the world. 

While the shells referred to mostly represent species 
which are still living in Britain, it is far otherwise with the 
bones which are found in the same beds. Many of these — 
bones, indeed, are those of animals extremely different from 
any which now inhabit this country, or are known to have © 
inhabited it within historical times. And yet there can be : 
no doubt that the animals which have left these remains 
once lived and died in Britain. Many other relics of former 
days are found in most sedimentary rocks, in addition to — 
_ the teeth, bones, and shells which have been preserved © 
through ages. ‘These records are sometimes imprints or 
casts showing the forms of the original structures, footprints, 
and ripple-marks preserved in sandstone (Figs. 236, 237), OF 
stony objects in which some inorganic substance has gradually 
taken the place of the original organic remains. By inter- 

reting these writings geologists are able to determine the 
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relative ages of rocks, and the conditions under which the 
sediments were deposited. 

Relics of man and animals.—The fossil fzwna, or 
animal population, of the south of England includes, in 
addition to many animals still living here, a number of 
extinct mammals,! such as the mammoth (Z&phas primt- 
genius) ; this was a kind of elephant adapted to live in a 
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Fic. 228.—The mammoth (4£ephas primigenius). Reproduced from a picture by 
Mr. C. R. Knight in the Report of the Smithsonian Institution, 1899. 


cold climate by having a’thick woolly coat. Fig. 229 repre- 
sents a drawing of this extinct elephant made by a contem- 
porary artist. It was found scratched upon a piece of 
mammoth’s tusk in the cave of La Madeleine in Central 
France; and it shows that man and the mammoth were 
living at the same time long ago in that country. Another 
species of elephant (Z. aztiguus) also lived in England ; 
and along with the elephants were three distinct kinds of 
rhinoceros (R. dchorhinus, R. megarhinus, and R. hemt- 
tachus). All these animals are extinct; but the hippo- 


1 Mammals, from Lat. amma, breast ; a great group of back-boned 
animals which suckle their young. 
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potamus which once: lived in our country is not to be © 
distinguished from that now dwelling in Africa. Among 
other animals which lived here, at the same period, may be 
mentioned a species of lion (Feds spelea), the brown bear, © 
the grizzly bear, the spotted hyzena, and two kinds of large 
wild oxen,—the bison and the urus. The gigantic Irish 
“elk” (Cervus megaceros), which is now extinct, has also 
left its bones in the brick-earth ; and Prof. Boyd Dawkins 
found, at Crayford, a skull of the musk-sheep (Ovbos 


— 


Fic. 229.—A prehistoric drawing of a mammoth, scratched upon a tusk, found in the 
cave of La Madeleine, Central France. Reproduced from Religuie Aqut- 
tanice, by Lartet and Christy. 


moschatus), which is a creature living at the present day 
only in Arctic America. Most of these are represented, 
not by a mere bone or two, indicating an occasional strag- 
gler, but by remains so abundant as to show that the 
animals which they represent were important members of 
the old fauna. 

Cave dwellers.—Astonishing numbers of these animals 
have been found in the dédris accumulated in caves in 
various parts of our country. For example, in a “hyena 
den,” a branch of the large cave known as Wookey Hole, 
in the Mendip Hills, Somerset, Prof. Boyd Dawkins found 
remains of the following animals, the numbers being 
reckoned from the jaws and teeth only :— | 
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Cave hyena ...... . 467 | Rhinoceros hemitachus . . 2 
Cavelion. ots x. . Soe aren Sve | OFSG. ne x cin: a dele aes 400 
COVerDea” iti raa et eae he areatotres 6 16 
Gmaaly bent a a ee Pye. | Bison ee ft BO 
Brown bear .. . See OMAe be Imehelke 9s sues. 7 38 
WVOLE as os om yea : TeeCInGeer wa.) Wim 2 30 
Woe” “Qe sre seen omy Redideers 2). <a ue ie 2 
Pam ered eG. 730 Lemming? I 
Woolly rhinoceros. . . 2335 |e 


Prof. Dawkins found the remains of these animals ‘so 
intermingled that they must have been living together at 


Side view. 
Fic. 230.— Flint implement found in the Hyzna den at Wookey Hole, near Wells, 
Somerset. From Cave Hunting, by Prof. W. Boyd Dawkins. 


the same time.” And what may be considered of peculiar 
interest is the fact that among them were found evidences 
of man, namely, the remains of fires, such as charcoal and 
burnt bones, and a considerable number of flint implements, 
the rude knives and weapons made by primitive man. 
(See Fig. 230.) 


1 A species of ox. 2 A small rat-like rodent. 
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Flint implements.—The evidence of the coexistence 
of man with these animals is abundant in many parts of 
Britain. In the British Museum, there has been, for many 
years, a rude spear-shaped weapon in 
black flint, represented in Fig. 231. 
This was found, associated with an 
elephant’s tooth, in an excavation near 
Gray’s Inn Lane, London, and a de- 
scription of it was published as far back 


have been found in the gravels in and 
around London. Indeed, they are so 
abundant in many parts of England, 
and also in northern France, that there 
_ is no reason to doubt the existence of 
sere iS ae man, in this part of the world, during 
foe ane ace the period at which the older river 
drifts were deposited. It is probabie 
that the early flint-using man came hither from the continent 
with some of the extinct mammalia, at a time when Britain 
was connected with the European mainland by an isthmus 
occupying the position of what is now the Straits of 
Dover. 


Early man.—Flint implements are the oldest known 


relics of man. They indicate a time, before the commence- © 


ment of history in western Europe, when man was ignorant 
of the use of metal, and fashioned his weapons and imple- 
ments out of stone. The more ancient of these prehistoric 
implements, such as those in Figs. 230 and 231, are simply 
chipped into shape ; but other stone implements occur, which 
are neatly ground, and even polished. Fig. 232 represents a 
polished stone celt! which, with a part of the handle 
attached, was found in a peat bog in Cumberland. ‘These 


1 Celts, from Lat. celtis, a chisel; not, as often supposed, because 
they were used by the people called Celts. 


as1715. Many other flint implements ° 


uo 
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more highly finished stone implements are never found in 
the older gravels, or along with the extinct mammalia, but 
are confined to the most superficial deposits. That period 
in which man was in the 

habit of using implements 
exclusively of stone is known 
to antiquaries as the stone 
age; and Lord Avebury has 
distinguished the early part 
of this period, in which un- 
polished stone was in use, as 
the palzolithic 1 age, and _ Fc. 232.—A neolithic polished stone 


2 celt, with part of the wooden handle 
the later period, when man attached. Found in a peat-bog in 


had advanced to the stage of eh Stopes Uo ganna) 
grinding and polishing his 
weapons, as the neolithic? age. Fig. 231 represents there- 
fore a paleolithic, and Fig. 232 a neolithic implement. 
Prehistoric times.—The study of fossils is not only of 
essential importance in proving the changes which have 
occurred in the physical geography of our country, but it 
brings to light other remarkable facts in its history. 
Animals, which now live in both colder and warmer 
climates than those of the south of England, are found 
associated together in glacial-drifts and river-gravels. But, 
while the great majority of these animals and plants are 
identical with, or very similar to, those which now live 
somewhere or other, the inhabitants of the world in former 
ages become less and less like those which now exist, as we 
go back in time. Thus, although in their general character 
the animal remains of the London clay resemble those of 
animals now living in hot climates, it is only a small 
percentage which are identical with living forms, while the 
rest have altogether vanished and become extinct. In the 


1 Paleolithic, from madaiés, palaios, old; AtOos, Zzthos, stone. 
2 Neolithic, from véos, xeos, new, and Aldos, /éthos, stone. 


330 PHYSIOGRAPHY CHAP. } 


chalk, this feature is still more marked: of the many 
thousand beautifully preserved kinds of animal remains 
which have been obtained from that formation, only a very 
few of the lower forms are identical with species now living. 
Hence, notwithstanding the similarity of the chalk to the 
Globigerina ooze, the remains imbedded in the former at 
once distinguish it from the modern deposit. 

The evidence of the rocks leaves no room for doubt that, 
thousands of years before the Roman occupation, the Thames 
valley was the haunt of savages armed with flint weapons ; 
that elephants and rhinoceroses, bears and hyzenas, roamed 
through its forests, and that the hippopotamus wallowed in 
the streams of what was, in all probability, a river of much 
larger dimensions than the present Thames. Arguments of 
similar cogency lead to the conclusion that the solid floor 
of the Thames basin, throughout the many hundred feet 
of thickness which have been directly explored, owes its 
origin to agents 
of denudation 
and reconstruc- 
tion, such as are 
at work at the 
present day, and 
testifies to the 
general uniform- 
ity of nature 
throughout a 
period which 
must be counted 
by hundreds of 
thousands of 
years. 

j A geological 
succession.—If a journey is taken from London in a 
more or less north-west direction—towards Birmingham, 


Photo. H. W. Taunt. 
Fic. 233.—Chalk pit at Medmenham, Buckinghamshire. 


ded 


- 
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Worcester, or Gloucester—several folds of the strata, 
presenting alternately their concave and convex surfaces, 
will be traversed. But a moderate inspection will show 


fi 
faerie 
ens 


‘ 


Al. W. Taunt. 


Photo. 
Fic. 234.—Greensand with boulders at Headington, 2} miles below Oxford. The 


white streak of the Thames is seen about half an inch down from the top left- 
hand corner. 


that this folding is not equally balanced in all directions: 
for, although there are minor foldings in other direc- 
tions, the strata rise on the average more towards the north- 
west. It will be noticed also that most of the rocks, 
where they reach their greatest elevation, cease suddenly, 
sometimes forming a bold hill-face or escarpment looking 
more or less north-westward. The cessation of each rock 
in this way allows a deeper and older rock-stratum to 
appear at the surface ; and as a result older and older rocks 
are found to occur as the journey extends. 

The hills of Middlesex are formed of London clay, 
which is only moderately tilted, but sufficiently so to cause 


_ the north-west faces to weather to a steeper angle than 
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the other sides, as seen in the hills of Hampstead and 
Harrow. 

At the Chiltern Hills the chalk comes to the surface 
and presents a long line of escarpment towards the north- 
west. This is very well seen from the London and North 
Western Railway near Cheddington station. The green- 
sand, appearing 
from under the 
chalk, forms the 
low escarpment 
skirted by the 
railway from 
Bletchley toward 
Bedford. 

Beyond the 
chalk and green- 
sand the rocks 
of the Jurassic 
group appear: 
these have 
weathered into 


softly undulating 

hills such as 

SEIS Tipe se ee 7 WeTaane, Coaracterisee fhe 
Fic. 235.—Odlite quarry near Seven Springs. counties of Ox- 


ford and North- 
ampton, but some of the hardest rocks of the series, 
known as the odlites, terminate in bold escarpments, 
as in the Edge Hills and Cotteswold Hills. The escarp- 
ment of the former is well seen from the Great Western 
Railway a little south of Warwick, and that of the latter 
forms a striking feature as seen from the neighbourhood of 
Cheltenham and Gloucester. 
On arriving at the next series of rocks, which are known 
as the Trias or Triassic formation, we begin to lose that 


ee a a 


~~ 


XVII GEOLOGICAL STRUCTURE 333 


parallelism which 
hitherto characterises 
the rocks encoun- 
tered in journeys 
from London towards 
the north-west. The 
principal rocks of 
this formation are the 
New Red Sand- 
stones: they are the 
prevailing surface 
rocks over a_ large 
area of our country, 
and form pleasant 
undulating hills with 
a fertile soil. 


Fic. 236.—Rain-prints and reptilian foot-prints in 
Triassic sandstone, Turner’s Falls, Mass., 
U.S.A.  One-twelfth actual size linear mea- 
sure. Photographed by Mr. J. N. Nevius, 
Bulletin of the New York State Museum, 
vol. iv., No. 19. 


Beyond the Triassic area the arrangement of the rocks 
becomes more and more irregular : nevertheless the same rule 


holds good as at first, 
namely, that as we go 
farther west or north- 
west, we meet with 
older and older rocks, 
the oldest of all being 
found in west Wales 
and north-west Scot- 
land. 

Newer and older 
rocks. — This ar- 


Fic. 237.—Ripple-marks upon Triassic sandstone, rangeme nt of the 


Mass., UStA. : : 
ane oy cles ese Photographed by rocks is explained as 


actual size linear measure, 


One-sixteenth 


Mr. J. N. Nevius, Bulletin of the New York ; p 
State Museum, vol. iv., No. 19. follows: since the 


strata around Lon- 


don were dopositen (these being the most recent), a great 
change of level has taken place. The whole area of the 
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British Isles has been raised, but not evenly in all parts. 
While the neighbourhood of London has risen from below 
sea-level to a height exceeding Hampstead Hill, the country — 
to the north and west has been elevated much more, 
causing a general average slope of the strata. But the 
strata which were raised highest have suffered most denuda- 
tion: for example, the chalk has been more remoyed than 
the odlite, and the odlite more than the new red sandstone. 


Fic. 238.—Contorted carboniferous limestone, south of Lough Shinny, co. Dublin. 
Reproduced, by kind permission, from a photograph by Mr. J. A. Cunningham. 


All these strata formerly reached farther west, though they 
may not have covered the whole country. Remnants of 
them are found here and there, especially a considerable 
area of chalk in the north of Ireland. Before this upheaving 
took place, the older rocks had already been submitted for 
ages to the many crumplings to which the earth’s surface is 
subject; and thus their foldings are more complex, and 


their arrangement proportionately less regular, than that of 
the newer rocks. 
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South and south-east England.—We have followed 
the various strata until their parallel arrangement ceases. 
Let us now consider the features which may be seen on a 
journey from London in the opposite direction, z.e., towards 


London 
Crystal 
Palace 
Orpington 
Knockholdt 
Beeches 
River Darcnt 
Sevenoaks 
River Hill 
Medway and 
Tonbridge 
Tunbridge 
Wells 
Crowborough 
Beacon 


Wy) 


) 


Lower Weald Clay Hastings Sands (Ashdown Sand , Wadhurst Clay, 


Green: i 
Ti 
Lower London Tertiaries Gault uabridae: Wells) Sand) 


Fic. 239.—Diagrammatic section from London to Crowborough Beacon. Length, 


40 miles, Heights and dips much exaggerated. (Adapted from the Proceedings 
of the Geologists’ Association, 1897.) 


the south or south-east. As already mentioned, the strata 
which lie under London are bent up on nearly all sides, 
forming a kind of trough. For this reason we find a 
repetition of several features seen in the former journey, 
with the difference that the strata slope in the opposite 
direction. At first we pass over the London clay, which 
forms the hills around Sydenham. ‘Then the chalk is met, 
forming the North Downs, with bold escarpments facing 
southwards, as near Dorking. A little farther off the green- 
sand occurs, forming the summit of Leith Hill and other 


North Downs. Lower Greensand Forest. Southern Valley. South Downs. 
\ Escarpment. 


Weald Lower Gault 
Clay Greensand 


Lower 


sl 
= Greensand Clay 


2 . 
Greensand 


an ani 
Wadhurst Wadhurst 
Tunbridge Wells Sand = Clay Clay Tunbridge Wells Sand 


Fic. 240.—General section of the Weald and its relation to the North and South 
Downs. The dotted lines indicate the original strata which have been removed 
by denudation. (Adapted from the Proceedings of the Geologists’ Association, 
1897-) 

principal eminences. But from this point onward the order 

of the strata differs from that on the north of the Thames: 

for from such points as Leith Hill we look southwards over 


the undulating district known as the Weald, in which 
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the rocks belonging to the chalk and odlite formations have 
been bent into a convex or anticlinal fold, and subsequently — 
worn down by water; so that the strata laid bare in the 
northern portion are found again in opposite succession as 
we go southwards (see Fig. 240). The southern boundary of 
the Weald is formed by the South Downs, a chalk range 
which is the antithesis to the North Downs, the strata 
dipping in the opposite direction, that is, to the south. 


\ 


Tome 


Fic. 241.—Chalk Downs and Cliffs as seen from Seaford. The point in the 
background is Beachy Head. 


The chalk then becomes lost to view under the sea, but 
reappears on the opposite coast : and if the rocks of France 
and Belgium are examined, their succession will be found 
much the same as in the midland regions of England. 

North and west Britain.—We left the consideration 
of the rocks seen on a journey north-west from London 
when we got as far as the New Red Sandstone group, where 
the strata begin to show decided irregularity of distribution. 
Let us now glance at some of the older or Primary 


: 


rocks which lie farther northward and westward. These 


may be seen to be much less regular than the newer ones: 
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for the longer a rock exists, the more disturbances it may 
be subjected to. They are also harder as a rule than the 
newer rocks, which again is a result of age, as will be pre- 
sently explained: and these two characters, hardness and 
irregularity, cause the scenery of the north and west of 
Britain to be generally more rugged than that of the south 


z 

i 
ie 
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Photo: Godfrey Bingley. 

Fic. 242.—Ingleborough, Yorks., from Raven Scar. The summit of the mountain 
consists of Millstone Grit and the base of carboniferous limestone. The hard cap 
has protected the rocks under it, while the surrounding parts have been worn 
away. : 


and east. From the many varieties of primary rocks we 
will select a very few types, in order to consider their 
influence on the aspect of the country. 

All the coal-deposits of any importance in Britain occur 
in the group of primary rocks named Carboniferous, 
though in some parts of the world coal occurs freely in 
rocks of later formation. 


1 From Latin, carbo, coal, and fero, I bear. 
H. &G. P. Z 


338 PHYSIOGRAPHY CHAP, 


The primary limestones are hard rocks which weather 
into bold picturesque cliffs. The most conspicuous of these 
limestones in Britain is the Carboniferous limestone. 
This rock lies beneath the coal in our coal-fields ; but in 
some of our mountain districts it has been raised into such” 
a prominent position that it is equally well known by the 
name “mountain” limestone. Its rugged cliffs contribute 


FP TEENS 


Photo. 


Godfrey Bingley. 
Fic. 243.-—Penyghent, Yorks. Millstone Grit upon a platform of carboniferous 


limestone. A relict mountain produced by the denudation of the surrounding 
country. 


much to the fine scenery of West Yorkshire and Derby- 
shire, where it is capped in places with hard Millstone 
Grit (Figs. 242, 243), the Wye (Fig. 244), the Bristol Avon, 
and the Mendip Hills (see Fig. 80); also Killarney and 
other beautiful spots in Ireland. 

Sandstones are of frequent occurrence among the primary 
rocks. Of these the Old Red Sandstone is the mos 
extensively developed. It forms the finest scenery of Soutt 
Wales (e.g. the Brecon Tors), is an attractive feature it 


XVII GEOLOGICAL STRUCTURE 339 


Herefordshire and Shropshire, and covers a large area in 
the Scotch Lowlands, and a in the extreme north of 
Scotland. 

In the Scotch Highlands, the mountains of Wales and 
Ireland, and the south-west peninsula of England, the pre- 
vailing rocks are of the metamorphic class, 7c. such as 
have been profoundly altered in structure in the course of 


“a Fae eee aman 


Photo. ; F. Frith and Co. 


Fic. 244.—Mountain limestone scenery : bend of the River Wye, near Chepstow. 


ages. They include slate and various rocks of a more or 
less crystalline structure. 

Altered rocks.—The effects of time on rocks are 
evident in more ways than one. The most evident effect 
is the displacement, crumpling, and crushing which results 
from the earth-movements: but meanwhile other changes 
are going on continually, which affect the density and the 
chemical composition of rocks. If the rocks of different 
ages are compared, the older will be found to be denser on 

Z 2 
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the average than the newer. ‘This is seen in the difference 
between the very hard Old Red Sandstone and the friable 
New Red Sandstone: or, if three great formations of 
limestone—the chalk, the odlite, and the carboniferous—are 
compared, it will be found that the first can be cut with a 
knife, the second with a saw, while the third is so hard as 
to be shaped usually by chipping and grinding. 
After making all due allowance for difference in the hard- 
ness of the rocks when first deposited, it is still evident i 
many of them owe their present hardness to changes whic 
have taken place subsequently. One cause of such change 
is the percolation of water, which dissolves some of the 
softer parts and removes them. Water also partially dis 
solves the materials when the temperature rises, and pre- 
cipitates them when the temperature falls, the precipitated 
material cementing the undissolved particles together. so 


pressure and heat also tend to consolidate rocks. Wher 
newer strata are deposited to a thickness of thousands o 
feet on the top of the old, the pressure becomes -ncrncrl 
We know, too, that the deeper parts of the earth’s crust are 
hotter than the surface. Thus deep-lying rocks are subject 
to three agencies, namely, great pressure, high oe 
and percolation of water, all of which have a hardening and 
consolidating effect, and a tendency to alter the chemical 
composition of a rock. 

A remarkable change of internal structure under pres- 
sure is seen in slate, which is produced from clay when 
enormous lateral pressure acts upon it for a very long 
period. The clay gives way to the stress, and its par- 
ticles are thereby forced into a new position, being all 
.compelled to lie in parallel planes facing the direction of 
the pressure ; and on this parallel arrangement the splitting 
of slate depends. 

Another effect of pressure, heat, and water is repeated 
crushing, and re-cementing of the fragments; so that the 
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rock acquires a crystalline structure, while the signs of 
original stratification are rendered indistinct and the fossils 
obliterated. These results are well seen in the mountain 
districts just mentioned, where the most ancient rocks have 
been folded, crushed, and folded again in a manner almost 
incredible to any one who has not investigated the matter 
closely. 
_ Fused rock.— Under extreme crushing or friction rocks 
are actually raised to the melting temperature, and may 


Fic. 245.—Table Mountain, Cape Colony, consisting of tabular sandstone masses 
resting on slate and schists, and penetrated in many places by granite dykes. 
From a photograph. 


thus lose all signs of their sedimentary origin. Below or 
beyond all the rocks of evident sedimentary origin, rocks 
are found the structure and chemical composition of which 
show that they have been formed by fusion, whence they 
are named igneous! rocks. Probably some of these were 
originally sedimentary, but have undergone metamorphosis 
and fusion as above described: others may have been ex- 
pelled from deeper regions by volcanic action. In many 
cases the igneous rocks have intruded into gaps and fissures 


1 From Latin, zgvzs, fire. 


— 
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in the overlying strata; and in this way they have generally 
filled the arches or tunnels which are formed at the anti- 
clinals or convex portions of bending rocks. 

When these melted rocks escape at the surface, they form 
lava and other volcanic rocks: but when they remain at a 
great depth, they cool so slowly that.their constituent sub- 


Fic. 246.—Pu Tor, Dartmoor : wall-like weathering of granite. Compare the real 
wall in the foreground with the granite blocks in the background. From a 
photograph by Mr. W. Jerome Harrison. 


stances have time to crystallise very completely ; and thus 
they form the crystalline rocks of which granite is a type. 
Wherever highly crystalline igneous rocks are exposed at 
the surface, ‘as in the Highlands, or Dartmoor (Devon), 
the Malvern Hills (Worcestershire), or Charnwood Forest 
(Leicestershire), evidence is found that these rocks were 
formerly covered by thousands of feet of overlying strata, 
under which they cooled slowly after melting. These 
granitic rocks were formerly in the heart of lofty mountains, 
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_ which have been reduced to their present moderate height 
by denudation (Figs. 246, 247). 

Life-history of a rock.—From the foregoing con- 

_ siderations it appears that mud deposited in a sea, lake, or 
river may undergo a series of mechanical, thermal, and 
chemical changes ; and that as a result of these changes it 


{a ; NRO 
Fic. 247.—Broombriggs, Charnwood Forest: crags of hardened igneous rocks 
from which the overlying strata have been removed by denudation. From a 
photograph by Mr. W. Jerome Harrison. 


may in the course of long ages be converted successively 
into soft rock, hard rock, metamorphic rock, and igneous 
rock. It must be remembered, however, that this is not the 
history of every rock: only those which become depressed 
and heavily overlaid will suffer the later changes. 

Effects of change of level.—It is remarkable how the 
chemical constituents of different strata differ from each 
other—how at one period limestone has been formed, at 
another time sandstone, or clay, or what not. The reason 
for the differences of rocks is to be sought chiefly in the 
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changes of level: these may cause the same locality to be at 
different times a sea-bottom, a lake, a marsh, or dry land ; 


aaa S 


and each of these conditions favours the accumulation of — 


some particular kind of deposit, as explained in Chapters 
VIII and XI. A change of level is also liable to cause 
material to be received from a different district, and there- 
fore to contain different substances. So, when two parallel 
strata are found differing widely in chemical composition, 


we may usually surmise that a change in the relative — 


altitude of the locality took place between the periods when 
the two strata were deposited. 

Before leaving the subject of the formation of the rocks, 
it may be well to mention that there is no place on earth 
where all the rocks, from oldest to newest, exist in un- 
interrupted succession: but by comparing the strata in 
different localities a fairly correct idea can be formed of the 
order of their deposition. 

Internal heat.—So far we have dealt only with the 
crust of the earth, that is, the part of the earth’s exterior 
which can be investigated. But though the interior is 
beyond our reach, some idea of its state can be formed by 
means of inference. 


For instance, it is known that the specific gravity of the — 
earth as a whole is 5°5;1 while that of the average rocks © 


at the surface is only 2°5 to 3, or about half as great. It 
follows, therefore, that the interior must be of much higher — 


specific gravity than the crust. Then, it is known that the 
interior is very hot, and that the materials which exist there 
may be above their melting temperature, though perhaps 


kept solid by the great weight of overlying matter, except 


where hollows, fissures, or gaps in the crust give oppor- 
tunities for escape from pressure. The high specific gravity 
of the interior is attributable to two causes ; namely, the 
tendency of the densest ‘constituents to fall towards the 


1 Zé. 5°5 times heavier than water. 
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centre, and the compression of the deeper parts by the 
more superficial. The cause of the internal heat is to be 
sought in the history of the origin of the world and the 
solar system. 

Formation of worlds.—There are many reasons 
for believing that our sun, and its attendant planets, of 
which the earth 
is one, originated 
by the gradual 
condensation of 
a mass of atten- 
uated material 
such as is seen 
in a nebula,! 
The telescope 
has revealed 
‘many masses of 
luminous haze— 
nebulze—of_ va- 
rious forms, ex- 
isting in starry 
as (Big. wae): Fic. 248—The great nebula of Orion. From a photo- 
A nebula was at graph by Dr. Isaac Roberts, F.R.S. 
one time sup- 
posed to be merely a cluster of stars so far away that their 
rays were merged together ; and it was believed that if a 
telescope of sufficient power could be obtained the in- 
dividual stars would be seen. Observations with the spectro- 
scope have proved, however, that the light of a nebula has 
a quality of its own which distinguishes it from starlight in 
general. There are a few stars with nebulous material 
around them, but these represent a transition stage between 
a formless mass of celestial mist and a luminous globe 
such asthesun. A nebula appears to represent the material 


1 Latin, zebu/a, fog, mist. 
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which is fashioned into worlds in the course of ages. In 
no one case can this development be traced, but several 
lines of research have shown that the finished stars and 
the nebule are connected by such intermediate steps as to 
make it highly probable that every succeeding state of the 
nebulous matter is the result of the action of gravitation 
upon it while in the preceding one. 

Evidence is in favour of nebulze being vast clouds of 
cosmic dust and fragments of solid matter, all in whirling 
motion. Collision and friction between the solid particles 
produce sufficient heat to drive off occluded gases and render 
them luminous ; but so long as the material of the nebula is 
sparsely distributed, the light and heat escape by radiation, 
and so the matter remains at a low temperature. The 
whirling motion will tend to resolve into a vortex-like 
revolution of the whole nebula round the centre of gravity, 
while smaller vortices will occur here and there. Friction 
and collision cause slowing of motion, and allow the material 
to gravitate towards the centres of the vortices. In this 
way the principal vortex resolves itself into a sun, and the 
minor vortices become secondary suns or planets, with 
satellites formed from the smallest vortices. 

Cooling’ globes.—When the material of a nebula con- 
denses into compact masses, the heat produced by collision 
and compression accumulates in the interior of the masses, 
but escapes more or less from their surfaces. Since the 
mass of a sphere varies with the cube of the diameter, while 
the surface varies with the square of the same, it follows 
that as a sphere grows larger the ratio of radiating surface 
to the mass diminishes; and as the surface is the part 
whence heat escapes, the loss of heat is proportionally 
slower in a large sphere than a small one. Thus a world 
formed from a larger vortex will retain its heat longer than 
its smaller companions, and will be hotter in every part, 
whether at the centre or at the surface. 
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A world so large as the sun produces heat enough inter- 
nally—chiefly, it is believed, as a result of its continual 
contraction, whereby the energy of gravitation is converted 
into the energy of heat, light, &c.—to keep its surface 
white-hot in spite of loss by radiation. The planet Jupiter, 
which is much larger than the earth, can keep its surface 
perhaps barely red-hot; but a small mass like our earth 
can produce so little heat, in ratio to the loss by radiation, 
that the surface is comparatively cool. 

From the study of the fossils in our rocks, it appears that 
all the animals and plants, of which they are the remnants, 
were of such a character as to require similar temperatures 
to those which prevail at the present time on the earth. So 
it seems that the earth’s crust has been at about the same 
temperature for countless ages, no doubt for millions of 
years, though the interior has been very hot. The surface 
would have been intensely cold, except for the heat received 
from the sun, which has nearly counterbalanced the loss by 
radiation. 

But the balance is not perfect: some of the central heat 
is always being conducted towards the surface and slowly 
dispersed, especially from the polar regions. This loss of 
heat from the interior must be attended by contraction, and 
so the interior of the earth is always shrinking ; while the 
crust remains at a nearly constant temperature, and there- 
fore hardly changes in size. It has already been explained 
in Chapter XI how this gives rise to folding movements 
of the crust. Though the evidences concerning the origin 
of the solar system, and the formation of the earth’s interior, 
are of a much less tangible kind than those of changes going 
on at the earth’s surface, all known facts tend to indicate 
that the history of the earth was from the first, as it is at 
the present time, a history of continuous evolution under the 
operation of natural causes. 


CHAPTER XVIII 
FIGURE OF THE EARTH 


Circumnavigation.—One’s earliest and most natural 

impression is that the surfaces of the land and sea are 
’ everywhere flat, if local elevations are left out of considera- 
tion; and, for many ages, it was the accepted belief of 
mankind that the land was a huge flat cake surrounded on 
all sides by an illimitable ocean. But when, in 1520, 
Magellan, sailing westward from Europe, passed round the 
southern end of South America; and, his ships keeping 
their bows continually in the same direction, eventually 
reached the coasts of Asia, and thence returned to the 
place from whence they set out, it was concluded that, at 
any rate along the track he followed, the surface of the 
earth was round. Since then the earth has been circum- 
navigated many times and in various directions ; and though 
this does not prove the world to be round, as is sometimes 
suggested, it shows that the surface on which we live is 
not a vast plane of land and water. 

Appearances due to curvature.—Very simple obser- 
vations afford proof that the surface of the earth is curved, 
not only in one direction but in all directions ; or, in other 
words, that it has the shape of a ball. 

One of the most commonly cited, but at the same time 
one of the most convincing, proofs of this curvature is based 
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upon a simple observation which any one can make for him- 
self at the sea-side. Ifa ship be watched, as she leaves the 
coast, it will of course be seen that she gets smaller in size 
and fainter in outline the farther she stands out to sea. But, 
in addition to this change of size and of distinctness, the 
figure of the ship suffers a change. In fact, the hull of the 
vessel seems gradually to sink into the sea, and at length dis- 
appears altogether. Yet it might fairly be supposed that the 
hull, being the largest part, would remain longest in view. 
After the hull has passed out of sight, the funnel or the 


Walker and Cockerell. 
Fic. 249.—Effect produced by curvature of the sea surface. 


lower sails, in like manner, are lost to view ; then, the upper 
gear appears to dip beneath the water ; and, at last, only 
the tops of the masts are to be seen peeping above sea-level, 
or, in the case of a steamer, the smoke from the funnel can 
be seen. A telescope may make so much as is to be seen 
of the ship more distinct ; but, it will not bring the lower 
part again into view, after it has once been lost. There 
seems to be no way of explaining this observation of a 
vessel sinking out of sight on the supposition that the earth 
is a flat plane; but the explanation becomes easy enough, 
if it be admitted that the surface is slightly convex (Fig. 249). 

To the sailor who is approaching land, similar appearances 
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are presented ; the first points which are: visible to him are 
the peaks of hills, or the tops of buildings. Heis prevented 
from seeing the bases of these objects by the water which is 
between him and the shore. Now, as these appearances 
are not confined to any one locality, but are seen in every 
part of the world, it follows that the earth must have a 
general curvature. In fact, it can be shown that the con- 
vexity is everywhere very nearly the same; and it is, there- 
fore, clear that the earth is a globe-shaped body. 

Points of view.—It is possible to obtain similar proof 
of the earth’s roundness by observing a vessel which is 
stationary. Suppose that a person, who is about to bathe in 
a calm sea, sees a small boat a mile or two from shore. 
Let him then get into the water, and, with his eye only a 
few inches above sea-level, look along the surface of the 
water in the direction of the boat. He will now find that 
the boat is more or less hidden, or perhaps altogether lost 
from sight. In fact the curved surface of the sea obstructs 
the view; and the obstruction is greater, the lower the 
position of the bather’s eye. When a man is standing on 
shore, his eyes are raised something like five feet above 
ground ; but, when he stands with the water up to his chin, 
they are only a few inches above the sea-level, and his view 
is accordingly obstructed. When the observer is in an 
elevated position, he is able to look over the low hill of 
water which interferes with the prospect at lower levels: 
hence, more of.a distant ship can be seen from the oD of 
a tower than from its base. 

Distance of the horizon.—lIf a person standing on 
the deck of a ship at sea or a wide plain, with nothing to 
obstruct his view, looks round about him, he finds that the 
boundary of his vision extends equally in all directions, and 
thus forms a circle. This boundary is called the apparent 
or visible horizon.'| The term horizon, at least as used 


1 Horizon, from é6pi¢w, horizo, to bound or limit, 
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in this sense, therefore denotes the circle of vision which 
seems to separate the sky from the earth on land, or the 
sky from the water on sea. It is the outline which limits 
a person’s outward view, wherever he may happen to be. 
But, if the observer mounts a hill, or ascends a tower, or 
climbs to the mast-head of a ship, he finds that his circle of 
vision becomes ex- 
tended, and he can 
see objects which 
were before be- 
yond his range ; in 
other words, his 
horizon increases, 
imebecomes “a 
larger circle. This Fic. re ee ie oF Berizon with the 
is illustrated by 

Fig. 250. A person standing at the foot of the mountain 
has his view limited by the small circle ; if he goes half-way 
up the mountain, his horizon expands to the middle circle, 
and, if he goes quite to the top, it enlarges to the outermost 
circle. Ifa man’s eyes are five feet above ground, as they 
might be if he stood at the base of the hill, the radius of 
his horizon will be less than two miles and three-quarters ; 
but, if he went to the top of Eddystone Lighthouse, his 
horizon would then have a radius of more than fifteen 
miles. 

Since it is found that the horizon 1s invariably circular in 
every part of the world, it is proved that the earth must be 
spherical ; for a sphere is the only kind of solid which 
presents a circular contour from whatever point it is 
viewed. 

Terrestrial and celestial spheres.— Other means of 
demonstrating that the surface of the earth is rounded, and ° 
not flat, may be obtained from observations of some of the 
heavenly bodies, One interesting mode of proof may be 
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explained by the help of Fig. 251. Here the earth is repre- 
sented as hanging in the centre of a great space, which is 
bounded on all sides by a starry vault. The point in the 
heavens which an observer sees directly overhead, when he 
looks up, is called the 
zenith ; and the opposite 
point, which is immediately 
beneath his feet, and is 
therefore impossible for 
him to see, since the solid 
earth stands in his way, is 
called the nadir. The 
direction of the straight line 
joining these two points is 
the direction in which a 
plumb-line hangs when the 
plummet is free. 

The great plane which is 
shown in Fig. 251 passing 
Fic. 251.—The earth within the celestial through the centre’ of ‘the 

sphere. earth, and extended to the 

celestial sphere, is distin- 

guished as the plane of the true, or rational, horizon, 

which is an imaginary circle dividing that sphere into two 
equal halves, one above and one below the true horizon. 

Altitude of the pole star.—It was explained on p. 5 
that very near to the north pole of the heavens there is a 


star called the pole star. That point on the horizon which — 


is exactly under the north celestial pole is the true north, 
and the other cardinal points on the earth’s surface are also 
referred to the horizon. Now, suppose a person measures 
the angle between the pole star and the north point of 
the horizon (Fig. 252); and that two persons travel 
from this place of observation—one going due north, and 


1 Nadir and zenith are words of Arabic origin. 
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the other due south—and that they observe, at different 
times, the apparent altitude of the same star, or its height 
above their horizon. To the man who travels northwards, 
the pole star will appear to mount higher and higher in the 
heavens ; and, if the ice in the arctic regions did not pre- 
vent him from getting so far, he would eventually find this 
star over his head. 
In fact, it will be seen 
from Fig. 253 that 
the pole star is in 
the zenith of an ob- 
server at the north 
pole But, to the 
person who travelled 
southwards, the pole 
star would appear to 
be steadily sinking 
lower and lower in 
the sky; and, when 
he got midway be- 
tween the north and 
south poles of the 


Fic. 252.—Measurement of the altitude of the 


earth, at the line Pole Star. This altitude is epprovinarely 
1 to the latitude of the place of ob- 
called the equator, re 


he would find that 
the star actually seemed to touch the horizon; while, if he 
continued his course to the south, it would disappear alto- 
gether. But the person who stayed at home would not have 
observed any movement in the position of the star. In fact, 
it does not sensibly change its place; and the difference 
observed in the altitude of the star by the travellers has been 
due to their own change of position on the earth’s rounded 
surface, as shown in the figure. This, therefore, proves that 
the earth is convex, at least in a north-and-south direction. 
If the travellers, instead of going northwards and south- 
HH. & G, Py : AA 
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wards, had taken their journey due east and due west, they 
would not have observed any alteration in the altitude of the 
pole star. But, by referring to his watch, the traveller to the 
east would have found that the sun rose earlier and set earlier 
NORTH STAR than it did when he 

Be was at home; while 

the traveller to the 
west would have found 
that it rose later and 
set later. It can be 
shown that this is a 


NORTH STAR 


= a 


Fic. 253.—Change of altitude 

of the Pole Star and other 
stars due to change of lati- 
tude of an observer. The 
outer circle represents the 
imaginary celestial sphere 
which forms a background , 
for the stars. 


| proof of curvature in 
Be. FPO) ‘iti a an east-and-west direc- 
tion ; and, therefore, by 
combining the two sets 
of _ observations the 
rounded shape of the 
earth’s surface may be 
fully established. 
Curvature of water surface.—Engineers and survey- 
ors are in the habit of taking the earth’s sphericity into account 
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in their calculations. If, for example, a long canal has to be 
cut, an allowance must be made for curvature in order that 
the depth of water in the canal may be the same throughout. 
A convincing experiment to prove the rotundity of the earth 
was made by. Dr. A. R. Wallace, in 1870, in the Bedford 
Level, which is a portion of the Fens north of Ely, and 
presents long, straight channels of water without current or 
tide. Three signals, each thirteen feet four inches above 
water-level, were erected at distances of three miles apart. 
On looking through a telescope, adjusted in such a manner 
that the line of sight touched the tops of the first and last 
poles, it was found that the middle signal was upwards of 
five feet above the line. This rise was of course due to 
the convexity of the earth’s surface. Mr. H. Yule Oldham 
repeated the experiment in 1900 and rgor on a six-mile 
stretch of water between Welney and Denver. The middle 
mark in this case was found to stand up about six feet above 
the line of sight, agreeing with the effect calculated to be 
produced by the curvature of the earth’s surface. 

Oblateness of the earth.—Such evidence as that 
which has been adduced in this chapter, proves conclusively 
that the earth has a curved surface, and that the curvature ° 
is roughly that of a globular body. Very delicate operations 
have enabled men to determine the figure of the earth with 
the greatest accuracy, and have shown that this figure is not 
exactly that of a true sphere. 

In a perfect globe, every diameter or line drawn from 
surface to surface through the centre has the same length, 
and if the globe is cut into halves, the boundary of each 
half is a circle. Observations show that the earth does not 
satisfy these conditions. A progressive diminution of curva- 
ture is found in passing from the equator northwards, and 
in the neighbourhood of the north pole a decided flatten- 
ing occurs. A girdle placed round the earth so as to pass 
through the poles would therefore not be perfectly circular. 
Only one straight line—the polar diameter—can pass 
. AA 2 
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from pole to pole through the earth’s centre, and it is 
found to measure 7,900 miles (Fig. 254). An equatorial 
diameter of the earth is a 
line which passes through the 
earth’s centre from point to 
point in the equator; and accu- 
rate measurements show that its 
length is not the same in all di- 
rections, hence the equatorial 
circumference is not exactly a 
circle, but is slightly elliptical ; 
its longer diameter measuring 
about two miles more than its 
shorter diameter. The average 
equatorial diameter is about 
7,926 miles: in other words, the 
equatorial exceeds the polar 
Fic, 254.—Polar and _ equatorial diameter by about twenty-six 
diameters of "the earth. miles. The proportion of twenty- 
six miles to 7,926 miles is very 
nearly that of 1 to 300, and hence the earth is said to 
have an oblateness of 345. 

These variations from the shape of a true sphere are so 
extremely slight, in comparison with the great magnitude of 
the earth, that, speaking roughly, the earth may for practical 
purposes be called a sphere; and it may be regarded as 
having the shape represented by our ordinary globes. In 
fact, the departure from the spherical shape is too slight to 
affect a model of this kind, unless it is of unusual magni- 
tude. In a globe 2 ft. 6 in. in diameter, for example, the 
difference of the polar and equatorial diameters would be 


about one-tenth of an inch. It is evident, therefore, that 


the popular comparison of the shape of the earth with 
that of an orange conveys an exaggerated idea of the 
amount of polar flattening. Moreover, there is reason to 
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believe that though the earth is flattened in north polar 
regions, the land of the Antarctic Continent is ‘elevated 
rather than depressed. 

Determination of position.—In order to represent 
any country by drawing its outline upon a globe, or upon a 


ie 


Mt 


salt i.) 


rt Pan 


LU i “4 3 “san <4 
RTT 


C{RCLES OF MERIDIANS OF LATITUDE AND 
LATITUDE. LONGITUDE, LONGITUDE. 


Fic. 255.—Parallels of latitude and meridians of longitude separated and combined. 


map, it is necessary in the first place to have some means 
of fixing the position of places upon the surface of the 
earth. When geographers wish to mark the place of any 
point, they refer it to certain fixed lines which they imagine 
to be drawn upon the surface of the globe. They proceed 
on the convenient fiction that a line is traced entirely round 
the earth, midway between the two poles ; and this line, 
which is practically a circle, they call the equator! 
(Fig. 255). The equator consequently divides the world 
into two equal halves—a northern hemisphere and a 
southern hemisphere. It is further supposed that each of 
these halves is banded round by a number of circles, which 
run parallel to the equator, but get smaller and smaller on 
approaching the poles. These circles are called small 
circles, while the equator is called a great circle. The 
centre of a great circle must be the centre of the sphere on 
which the circle is drawn ; and it is plain that if the earth 


1 Eguator, from Lat., ego, to make equal. 
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3 


were to be cut through at the equator by a flat plane, this — 


plane must pass through the earth’s centre: but planes 
passing through any of the small circles, parallel to the 
equator, would not pass through this central point. 
Angular measurement and latitude.—The equator 
is a standard line from which distances north or south may 
be measured. Every circle is divided, for convenience of 
calculation, into 360 equal parts, called degrees ; and it is 
supposed that the circumference of the earth is divided in 
this way. The distance of any place from the equator, 
measured along a circle which passes through the poles, and 
expressed in degrees, is called the latitude! of that place. 
The distance from the equator to the north pole is one- 
fourth of the earth’s circumference, and therefore the latitude 
of the pole is said to be go’, or one-fourth of 360° measured 
from the equator northwards. In like manner, the south 
pole is in 90° south latitude. Each degree of latitude is 
divided into 60 equal parts called minutes, and each 
minute into 60 equal parts called seconds. Degrees are 
represented by the symbol °, minutes by ’', and seconds by ”. 
A minute of latitude is a geographical mile, called by 
nautical men a knot. The geographical mile contains 
2,028 yards, while our statute mile contains only 1,760 yards. 
Longitude.—Latitude alone could never fix the position 
of a place. Any number of places, for example, might be 
situated, like London, in latitude 51° 30’ N., that is, on the 
circle which runs round the northern hemisphere at 513° 
from the equator. Two sets of standard lines are needed 
to determine the position of a point on a surface. Geo- 
graphers have consequently been led to draw a number of 
imaginary circles round the globe, all running through the 
north and south ‘poles, as in Fig. 255. These are called 
lines of longitude, and they differ in several respects, 
besides that of direction, from lines of latitude. All lines of 
1 Latitude, from Lat., latitudo, breadth. 
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longitude form circles which have the earth’s centre as their 
centre ; in other words, they are all great circles. But all 
the lines of latitude, except the equator, are small circles. 
Again, the lines of latitude form equidistant circles, and are 
hence commonly called parallels of latitude. But no one 
can speak of “ parallels of longitude,” because these lines 
are not parallel, inasmuch as they all meet together and 
cross at each of the poles. It is common, however, to refer 
to these imaginary north and south circles as meridians, 
for the reason pointed out on p. 4. 

Parallels and meridians.—While latitude is always 
measured from the equator, longitude has no natural start- 
ing-line. The reckoning may begin indeed from any 
meridian, and different countries actually use different lines 
for this purpose. The meridian from which the reckoning 
begins is called the first, or prime meridian ; and, in 
this country, it is the meridian which passes through the 
observatory at Greenwich. Greenwich, therefore, has no 
longitude ; and, in like manner, all places due north and 
south of Greenwich have no longitude, since they are on 
the same meridian. But all places to the east, or to the 
west, of this first meridian have their longitude, which is 
expressed in so many degrees, or minutes, or seconds, and 
is designated as east or as west, according to their position 
with reference to Greenwich. As the equator is divided 
into 360 degrees, it may be supposed that a meridian passes 
through each of the 360 divisions. Hence a degree of 
longitude, measured at the equator, is the 3} th part of the 
circumference of the earth. But in going to the north, or 
to the south, of the equator, the meridians draw closer and 
closer together until they meet at the poles, as shown in 
Fig. 256. Each parallel of latitude, whether large or small, 
is divided, like the equator, into 360° ; and, therefore, the’ 
length of a degree of longitude gets less and less in passing 
from the equator, where it measures 60 geographical miles, 
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to either of the poles, where it vanishes altogether. The 
reckoning of longitude proceeds from the first meridian to 
the east and to the west, until the figures reach 180°; the 
reckoning of latitude proceeds from the equator to the 


Fic. 256.—Southern and northern hemispheres of the earth, showing the decreasing 


distance between two successive lines of longitude measured on a circle of 
latitude. 


north and to the south, until the figures reach go". Hence 
no place can have a greater latitude than go’, or a greater 
longitude than 180°. 

It would be too long a story to explain how latitude and 
longitude are practically determined. Unless people hap- 
pen to be mariners, or surveyors, or travellers, they never 
have occasion to fix their position by these means. But 
every one is concerned more or less with latitude and 
longitude, for it is by means of these co-ordinates that we 
can find out any given place upon a map ora globe. The 
cross-lines of latitude and longitude form, indeed, a frame- 
work on which the geographer traces the outlines which 


show the distribution of land and water upon the surface 
.of the earth. 
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CHAPTER XIX 
THE MOVEMENTS OF THE EARTH 


Restless nature.—It has been shown in the preceding 
pages that the waters of the earth are in a state of constant 
circulation ; that the atmosphere is never in repose; that 
the solid materials of the earth’s crust are slowly but 
incessantly changing their position ; and that the matter of 
the organic world is subject, in a yet more marked degree, 
to cyclical changes. Absolute repose is, indeed, a state 
utterly unknown upon the earth’s surface. Nor is the globe 
itself exempt from movements which are of a still grander 
kind. The huge ball which was described in the last 
chapter is constantly in motion. Part of this motion is a 
movement of rotation, whereby the earth is perpetually 
spinning round like a top; and part is a movement of 
revolution, whereby it progresses through space, and is 
carried round the sun. 

Day and night.—If the earth were fixed in space, 
without either of these motions, it is plain that the half 
which happened to be turned towards the sun would enjoy 
uninterrupted sunshine, while the opposite half would be 
plunged in permanent shadow; in other words, perpetual 
_ day would reign in one half, and perpetual night in the 
other half (Fig. 257). The illuminated hemisphere on which 
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the sun’s rays were constantly shining would of course 
become intensely hot; while in the absence of an atmo- 
sphere the darkened hemisphere would become intensely 
cold, by the unchecked radiation of its heat into space. 
Under such con- 
ditions, the hot- 
test part of the 
world would be 


the sun - facing 
hemisphere, be- 
cause the solar 
rays would there 
fall square upon 
its surface ; while 
the heat would 
diminish in all 
directions to- 
wards the cir- 
Fic. 257.—If the earth did not rotate, one hemisphere cumference, be- 


would be in continual sunshine, and the other would - 
have perpetual darkness. : cause the ‘aye 


the middle of. 


would be re- ~ 


ceived in a more slanting direction on those parts which 


were farther from the centre of the lit-up half. 


The alternation of day and night shows that these con- — 
ditions of light and darkness, warmth and cold, do not — 


exist in reality. Every part of the earth receives the sun’s 
rays at some time or other during the year, and at all places 
in the great belt between the Arctic and Antarctic circles 
there is sunlight for several hours every day. When it is 
mid-day in England, it is midnight in New Zealand; but 
twelve hours later the conditions are reversed, and our part 
of the world is in darkness while the regions on the other 
side are being lit up by sunbeams (Fig. 258). 

Day thus follows night, and night the day, in each hemi- 


XIX THE MOVEMENTS OF THE EARTH 363 


sphere. Every morning the sun appears to rise above the 
eastern horizon, and, after sweeping across the sky in a 
curved path, to set towards the west. Every night many of 
the stars appear to rise and set in the same manner; and 
when the moon is visible it also can be seen ta follow a 
track like that apparently traced by the sun in the sky. 
The apparent diurnal movements of these bodies from east 


Fic, 258.—As the earth rotates, each place is brought under the hour shown by the 
clock figures, 


to west are known on independent grounds to be due to 
the rotation of the earth upon its axis from west to east. 
Rotation of the earth.—Every one must have noticed 
in travelling by railway that if his own train is ina station, 
alongside of another, he constantly fancies the other train is 
moving, when it is his own which has gently started ; and, 
on looking out of the window, when the train is at speed, it 
may be really difficult to persuade one’s self that the telegraph 
posts, and the nearer trees and houses, are not whirling past 
the more distant objects in a direction contrary to that in 
which the train is moving. And although, when one looks 
at the rising or the setting sun, it seems contrary to the 
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evidence of one’s senses that the sun is not moving and the 
earth is, yet this is one of the many cases in which what is 
called the direct evidence of the senses is nothing but a 
hypothetical interpreta- 
tion of the facts of which 
sensation tells us. That 
this apparently obvious 
and natural interpreta- 
tion of the fact of the 
change of place of the 
sun and stars—an inter- 
pretation upon which 

the whole human race 
Fic. oe ce he of the were agreed a few cen- 

turies ago—dis wrong, 
and that it is the earth which rotates, has long been 
rendered highly probable; and an experiment devised by 
M. Foucault in 1851, and since repeated many times, com- 
pleted the proof. 

Proofs of the earth’s rotation.—The success of 
Foucault’s pendulum experiment depends upon the fact 
that when any object is set in motion in a certain direction, it 
preserves that state of motion unaltered until forced to move 
otherwise by external action. A heavy ball is suspended bya 
long wire from the ceiling of a high building, and is then set 
swinging to and fro in a certain direction marked upon the 
ground or other surface under it (Fig. 260). In a short time 
the line indicating the direction in which the oscillation was 
started is found to be no longer under the pendulum ; and in 
the northern hemisphere the twist of the original line with re- 
ference to the pendulum is always in the opposite direction to 
that in which the hands of a watch move when placed on the 
ground face upwards. To a casual observer it would seem 
that the pendulum had changed its position of swing ; but 
this cannot be the case, because no additional force is 
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brought into play to cause any deviation from the original 
direction. The true explanation is that the ground under 
the pendulum is carried round on account of the rotation 
of the earth, while the pendulum itself preserves its own 
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- Fic. 260.—Proof of the rotation of the earth. The pendulum is started swinging 
over a line on the floor or a table. After a time, the line is found to have 
turned under the pendulum in the opposite direction to that in which the hands 
ofa watch move. (Diagrammatic representation; the pendulum should be from 


50 to roo ft. long.) 


direction of motion in the air. The experiment thus provides 
a direct proof that the earth is actually spinning on its axis. 

As all parts of the earth are carried round the axis 
in the same time, the actual velocity of movement of a 
point in any latitude depends upon its distance from the 
axis, The top of a tower must move with greater speed 
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than the base, and the mouth of a mine shaft, being farther 
from the axis than the bottom, must have a higher velocity. 
An experimental proof of the earth’s rotation based upon 
this fact was proposed by Newton, and has been carried 
out at several places. Balls have been dropped from great 
heights, and instead of falling exactly under the point from 
which they were let go, they fell a little eastward of it. If 
the earth were at rest, the balls would have fallen vertically 
down in the direction of a plumb-line; and the decided 
deviation to the east shows that the earth rotates from west 
to east. When the balls are dropped, their eastward velocity 
is the same as that of the point from which they are set free, 
but the eastward velocity of the ground upon which they 
fall is less, consequently the balls touch the ground a little 
to the east of a vertical line from the higher point. 

Surface velocity due to rotation.—Since the earth’s 
figure is nearly spherical, it follows that different points on 
the earth’s surface must move, during the daily rotation, 
with different velocities. Any point on the line of the 


Fic. 261.—Graphic representation of velocities in different latitudes due to the 
rotation of the earth. 


equator will describe a circle equal to the circumference of 
the earth. The earth’s circumference is about 24,000 
miles ; and, as the rotation is effected in nearly twenty-four 
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hours, the velocity of its equatorial region must be something 
like 1,000 miles an hour. But, on going either north or 
south from the equator, the circle which is described by any 
point on the rotating sphere will be smaller, as is shown by 
the diminution in the diameter of the circles of latitude. 
Yet every point of the surface takes the same time to turn 
once round ; and therefore the velocity, or rate of motion, 
must become less and less as the circles get smaller and 
smaller. In fact, at the poles, the velocity is reduced to 
nothing (Fig. 261). The pole represents simply the end of 
the imaginary line on which the earth turns, and is itself 
stationary. 

Effects of varying WaIgece ee eercing on the 
surface of the earth is necessarily carried round with the 
rotating globe; and in consequence of the difference of 
velocity of points in different latitudes, winds and ocean 
currents undergo a deviation of direction. The atmosphere, 
as shown in Chapter VI, may be regarded as part and parcel 
of the earth ; it forms, in fact, a gaseous shell, which com- 
pletely encases the globe and shares in all its movements. 
The atmosphere, therefore, moves round at the same rate 
as the surface on which it rests. But this surface rotates, 
as just explained, at different speeds in different latitudes ; 
and hence the atmosphere, while quiescent over the poles, 
moves with increasing rapidity in lower latitudes, until it 
attains 1,000 miles an hour at the equator. Therefore, if a 
stream of air starts from one of the poles towards the 
equator, and moves in a direct north-and-south line—that 
is to say, along a meridian—it will constantly tend to lag 
behind the surface of the earth. At the starting-point the 
air is stationary because the pole itself has no motion ; 
and, if we could suppose such a stream of air to flow due 
south without coming into contact with anything, the suc- 


cessive points of the earth’s surface over which it passed 


would turn under it with constantly-increasing swiftness, 
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until, at the equator, they would whirl by at the rate of 
1,000 miles an hour to the east. 

Deflection of winds moving toward the equator. 
—As a matter of fact, a stream of heated moist air con- 
stantly rises, by its relative lightness, from the neighbour- 
hood of the equator, where the heat is greatest and the 
evaporation most 
rapid (Fig. 262). 
To supply the 
place of the air 
which is thus 
raised, colder and 
denser air rushes 
in from the north 
and the south of 
the tropical zones. 
Yet this inflowing 
air does not take 
the shape of a due 
north wind in the 
one hemisphere 


and of a due 
Fic. 262.—General direction of circulation of the atmo- : . 
sphere due to warm air rising in the tropics and south wind in the 


flowing toward the poles, while currents flow alon i 
the surface to take its place. The directions of other hemisphere. 


winds are shown by arrows on the globe, upper 1 
currents being indicated by broken lines. (After The air comes 


Tarr.) from places where 

the velocity of ro- 
tation is less, and therefore it lags behind the earth in its 
rapid rotation from west to east. Hence the wind reaches 
the equatorial zone from the north-east on the north side, 
and from the south-east on the south side, of the equator. 
In this way it comes about that winds, more or less constant 
in direction, blow across those parts of the Atlantic and 
Pacific oceans which lie for some distance on the two sides 
of the equator, the direction being from north-east in the 
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northern tropics and from south-east in the southern tropics. 
Such steady winds following a nearly constant course are 
called trade-winds (Fig. 263). It may be well to remark 
here that winds receive their names from the quarters from 
which they blow. Ocean currents, however, are generally 


Das 


se 


Fic. 263.—General direction of trade-winds (N.E. and S.E.) and anti-trade winds 
(S.W and N.W.). 


named after the point foward which they set. Hence a 
north-east wind blows from the north-east ; but a north-east 
current flows to the north-east. 

It has just been said that the trade-winds blow in 
a direction more or less constant. This qualification is 
needed, because the character of the wind is greatly 
modified by local circumstances, such as the distribution 
of land and water, and the altitude of neighbouring land. 
The trade-winds are not equally well marked in the two 
great oceans; nor are they equally strong at all seasons. 

The seasonal differences are due to the fact that the heat 
equator (see p. 102) has not a constant position, being 
farther north of the geographical equator in our summer 
than in winter. The periodical winds known as monsoons, 
experienced in India, China, and adjacent regions, may be 
regarded as modified trade-winds. During the summer 
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months these seasonal winds blow from the south-west, and — 
the moisture they carry is deposited as rainfall on India and | 
Southern Asia 
(Fig. 264). As 
the belt of great- 
est heat moves 
south of the 
equator, follow- 
ing the apparent 
annual move- 
ment of the sun, 
the winds change 
Fic. 264.—Monsoon cloud at Bombay one hour before the their direction, ’ 
ae on June 11, 1903. Photographed by Mr. B. and “rom tices 
ber to April the 
dry north-east monsoon blowing from the Asiatic continent 
takes the place of the wet south-west monsoon, which 
prevails from April to October. 

Winds moving toward higher latitudes.—It may 
be inquired, What becomes of the air which rises from the 
heated equatorial belt ? This air, on reaching the higher 
regions of the atmosphere, flows over the currents which 
are sweeping across the surface below, and thus produces 
currents which drift towards the north in the northern, and 
towards the south in the southern hemisphere. But these 
upper currents are blowing from regions of high velocity, to 
regions of lower velocity, of rotation ; they therefore move 
more rapidly than the earth immediately beneath them, 
and, as it were, outrun the earth in its rotation. Hence 
they are deflected from a simple north-and-south course, 
but in an opposite direction to that of the trades ; so that, 
in the northern hemisphere, they blow from the south-west, 
and, in the southern hemisphere, from the north-west. | 
Such upper currents, moving directly counter to the surface 
winds, may be recognised by their effects on high clouds. 


‘ 
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In the higher regions of the atmosphere they become 
chilled ; and, at about the thirty-fifth parallel of latitude, 
they are sufficiently dense to descend to the surface. Part 
of this air then returns as an undercurrent to the equatorial 
belt, where it becomes heated afresh, and once more rises, 
thus completing the circulation in this part of the atmo- 
sphere ; while another part of the descending air continues 
its course as a south-west wind in the northern hemisphere, 
and as a north-west wind in the southern hemisphere ; but 
these winds are not so constant as the trades. The prevalent 
south-west winds of the British Isles may have, in part, 
such an origin. ‘These winds are the chief rain-bearers to 
these islands ; and hence the rotation of the earth is not 
without its effect upon the water-supply of our country. 
Revolution of the earth.—The diurnal rotation of 
the earth does not explain all the apparent movements of 
the heavenly bodies. For example, it is observed that the 


sun does notrise, WI 
day after day, in 
exactly the same MIDNIGHT 


place. At the be- 
ginning of spring 
and autumn it 
rises almost _pre- 
cisely due east ; 
but, in midsum- 
mer, it rises to 
the north of the 
east point of our 
horizon, and, in 
mid - winter, it 
rises to the south 


ot th is point Fic. 265. —Graphic representation of duration of day- 
light in the latitude of London in different seasons. 


(Fig. 265). The The ends of the bright strips show the points of the 
: horizon where the sun rises and sets. Adapted 
sun seems, in from a diagram by Mr. R. Bentley. 
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fact, to change its place in the heavens every day, but the 
circuit of changes is completed in the course of a year; So 
that, next midsummer, it will be again in just the same place 


as that which it occupied last midsummer. Its apparent 


a 


* 


cone. 
-- 


Fic. 266.—Apparent rotation of stars around the north celestial pole. 


E Arrange the 
diagram so that the name of the season can be read at the bottom, and the stars 
then occupy the position in which they can be seen about 10 P.M. 


movement is, in fact, due to the movement of our earth 


around the sun, in a direction, like that of its rotation, from 
west to east. And, just as the time of one rotation of the 


earth on its axis constitutes a day, so the time of one 
revolution round the sun makes a year. 
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Sidereal and solar days.—The exact time taken by 
the earth to make one complete spin on its axis is deter- 


mined by observations of 
the stars. If the stars be 
watched on a clear night for 
a short time, it will be ob- 
served that many of them 
appear to move across the 
heavens, from the east to 
the west, in the same way 
as the sun does during the 
day; and, if any one of 
these stars were bright 
enough to cast a shadow, 
we might make a star-dial 


sun-dial. 


for the night, just as sun-dials are made for the day. 
Suppose that one of the stars which never set in England, 


Fic. 268,—Sun-dial in Inner Temple Garden, 
London. 


such, for example, as 
the star in the end of 
the tail of the Great 
Bear (Fig. 266), could 
be seen during the 
whole of its apparent 
daily course around 
the north pole of the 
heavens. The star 
would be found ap- 
parently to describe 
a complete circle in 
23h. 56m. 4s., which 
period of time (86,164 
seconds) is termed a 
sidereal day and 
represents the period 
of rotation of the 
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earth on its axis. If the sun is observed instead of a star, 
a day of different length is found. In the first place, the © 
interval between the time when the shadow on a sun-dial — 
marks noon on one day, and the time it marks noon on the — 
next day, is always more than 86,164 seconds; and in the 
second place, the difference is not always the same, but is 
sometimes more 
and sometimes 
less. If the sun- 
dial were a clock, 
in fact, we should 
say that it did 
not go very well ; 
and the only way | 
of using sun-dial 
time or appa- 
rent time for 
ordinary pur- 
poses of life is 
to strike an aver-_ 
age of all the 
irregularities of : 
4 


the sun-dial 
during a_ year. 
Fic, 269.—Sun-dial on south wall at Sandringham. This average is” 
236 seconds, 
which, added to 86,164, gives the 86,400 seconds which | 
compose the 24 hours or mean solar day of civil time. 
The revolution of the earth around the sun occupies” 
3654 days; or more precisely 365 days, 6 hours, 9 minutes, 
g seconds of mean solar time. As the calendar year con- 
tains 365 days, the extra quarter of a day gives an additional 
day every fourth year, or leap year ; and, by this addition, 
the correction necessary to cause the seasons to fall in the 
same months of every year is nearly made. : 
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Apparent annual motion of the sun.—It is in 
consequence of the annual motion of the earth that the 
sidereal day, or day reckoned by the apparent movements 
of the stars, is 
nearly four mi- 
nutes — shorter 
than the mean. 
solar day. The 
sidereal day re- 
presents the 
period of the 
earth’s rotation, 
but the solar 
day is due, not 
simply to the 
rotation, but 
to this move- 
ment com- 
bined with that 
of the earth’s 
progressive 
movement 
through space. 
Suppose that it 
were possible to 
see the sun, and 
at the same 


‘ 3 Fic. 270.—Solar and sidereal days. If the sun and a star 
time a certain are due south together on any day, the star is due south 


- four minutes before the sun on the next day. 
star, on the me- 


ridian together at noon to-day ; then it would be found to- 
morrow that the star reached the same meridian nearly 
four minutes before the sun came there (Fig. 270). But 
it is clear that, if the earth simply rotated upon its axis, 
the star and the sun ought to reach the meridian at the 
same time. The delay in the sun’s arrival is due to its 
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lic. 271.—To explain the difference of length 
of solar and sidereal days. The faint 
parallel lines represent rays from a star : 
the radiating lines are rays from the sun. 


apparent journey in the 
heavens, which is opposite 
to that of the diurnal ro- 
tation of the stars, so that 
the sun appears to move 
backwards among them. 
The stars are so extremely 
far off that their apparent 
position is not sensibly 
affected by our yearly 
march round the sun; 
but the sun is so much 
nearer, that its apparent 
position is materially af- 
fected, and the sun con- 
sequently seems to lag 
behind every day. As a 
complete revolution is ef- 
fected in the course of a 


year, s¢5th part of the © 
journey will. be accom- — 
plished in a day. But a 


circle is divided into 360 
degrees: therefore nearly 
one degree will be travel- 


led,over every day. Now 


the 360th part of 24 hours 
is 4 minutes; hence the 
change of position, due to 
one day’s apparent axnaual 
motion of the sun, is 
equal to the change of 
position due to about four 
minutes apparent daz/y 
motion (Fig. 271). 
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Inclination of the earth’s axis.—The position which 
the earth occupies in relation to the sun, at different periods 
of its annual journey, will be understood by reference to 
Fig. 272. This shows the earth at four successive positions 
corresponding to the four seasons. The track which the 
sun appears to follow in the heavens, in consequence of our 
motion round him, is called the ecliptic! If it be sup- 


Fic. 272.—Positions of the earth in its orbit at the solstices and equinoxes. 


posed that a flat surface passes through this path, and 
through the centres of the earth and sun, that surface will 
form the plane of the ecliptic, and will coincide with the 
plane of the earth’s orbit. The earth’s axis is neither in 
this plane nor perpendicular to it, but is inclined to the 
plane. It is in fact sloped, as represented in the figure, at 
at angle of 66° 32’; and the extent of the slope remains the 
same in every part of the earth’s path ; in other words, the 
axis may be said to remain parallel to itself, and to point to 


1 Ecliplic, so called because ecli~ses only happen when the moon 
is either on or very near to this curved path. 
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the same spot of the heavens.!' Great as the diameter of 
the earth’s orbit is, it is insignificant when compared with 
the enormous distances of the so-called fixed stars. If, 
therefore, the north pole of the earth points towards the 
pole-star at one part of the earth’s orbit, it continues to 
point towards it all through its journey, though that journey 
forms an enormous circuit in the heavens. If one walks in 
a circle ten yards in diameter, the apparent direction of 
objects fifty yards off will be obviously altered at every step ; 
but the change of bearing of the spire of a distant church 
can only be detected by the use of a surveying instrument 
called a theodolite ; and that of a remote mountain-top will 
appear to remain unchanged, even with such help. If the 
same circle is taken to represent the orbit of the earth, 
the nearest “fixed” star would be at a point more than 
twelve hundred miles distant from it. 

Summer and winter.—Reference to Fig. 272 will now 
show plainly enough how the inclination of the earth’s axis 
affects the amount of light and heat which the globe re- 
ceives from the sun at different seasons. Suppose that the 
earth is in the position which she occupies on June 20, 
represented in the figure. Here it is seen, that the inclin- 
ation of the axis causes the north pole to be fully exposed 
to the sun; and the sun-lit half of the earth includes much 
more of the northern, than of the southern hemisphere. 
As the earth turns round this sloping axis, the north pole 
and the surrounding parts will continue in sunshine during 
the entire rotation. Within a circle measuring 234° from 
the north pole, the sun will not set; and, within a similar 
circle around the south pole, the sun will not rise. Any- 
where outside the polar regions, there will be an alternation 


1 It should be mentioned, however, that the earth’s pole undergoes 
a slow change of position, so that it does not always point to exactly 
the same spot in the heavens. But this movement is so slow that it 
would take 25,800 years for the pole to make a complete revolution. 


: 
| 


XIX THE MOVEMENTS OF THE EARTH 379 


of day.and night during the 24 hours; but the day and 
night will not be equal, except at the equator. Thus, a 
place in the northern hemisphere, like London, will have 
the day much longer than the night; for the figure shows 
that it will be kept, during rotation, longer in sunshine than 
in shade. In fact, when the earth is in this position, it is 
midsummer in the northern hemisphere; and, as the 
figure shows, it is midwinter in the southern hemisphere. 

Lengths of days.—As the earth travels round the sun, 
from June to September, it completes a quarter of its 
circuit. The days in the northern hemisphere have been 
getting shorter, and the nights longer ; and when the earth 
has reached the position of autumn in Fig. 272, or on 
September 23, one-half of the illuminated face of the earth 
is in the northern hemisphere and the other half is in the 
southern hemisphere. As the axis always points in one 
direction, it does not now incline towards the sun as it did 
when in the June position, and the north and south poles 
are now at the same distance from the sun. The boundary 
between the illuminated and the shaded halves runs directly 
along a meridian, from pole to pole. Every place on the 
earth’s surface will therefore be just as long in sunshine as 
in shade ; and there will be equal day and night throughout 
the world. 

In passing from the position of autumn to that of our 
winter, the nights in northern latitudes get longer, and the 
days shorter. When the earth is in the position of winter, 
which is about December 21, it presents exactly opposite 
conditions of light and shade to those of June 20. In fact, 
the north pole is now turned as far as possible from the sun, 
and the north-polar regions revolve in darkness, while the 
southern polar regions are enjoying uninterrupted day. 

During the remaining half of its revolution, from summer 
to winter, the earth passes through successive stages, similar 
to those just described, but in an inverse order. When it 
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has reached the spring position indicated in the figure, 
which it will do on March 22, there is again twelve hours’ 
sunshine in all parts of the world. 

Equinoxes and solstices.—It will now be understood 
that, twice in the course of the year, when the earth is at 
opposite points in its orbit, the days and nights are every- 
where equal. These periods are known as the equinoxes." 


Fic. 273.—Apparent paths of the sun as seen from London at the solstices and 
equinoxes. 


One occurs on March 21, and is therefore known as the 
spring or vernal equinox, and the other on September 23, 
and is consequently called the autumnal equinox. Again, 
there are two other times, also, when the earth is at opposite 
points of its path, when the inequality between the days and 
nights is greatest. These occur on June 20 and December 
21, and are known as the summer and winter solstices? 
respectively. On any day of the year, the shadow of a per- 
pendicular object is shortest when the sun reaches the highest 
point of its apparent diurnal path, that is, at apparent noon, 
If the length of the noonday shadow of such an object is 
observed, it will be found to vary from day to day throughout 
1 Equinox, from Lat., eguwus, equal ; 20x, night. 


2 Solstice, from Lat., so/, sun ; s7sto, I stand : because the sun appears 


to stand at the same noonday altitude for several days when at these 
points of its apparent path. 
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the year. In the summer, when the sun is high in our 
sky, the shadow at apparent noon is comparatively short, 
and from midsummer to midwinter it gradually lengthens, 
while from midwinter to midsummer it gets shorter and 
shorter day by day. Observation of these varying shadows 
will show that the sun’s altitude or angular height above the 
horizon is least at the winter solstice and greatest at the 
summer solstice. But, even at midsummer in England, 
the noonday altitude never exceeds about two-thirds of the 
distance from the horizon towards the zenith (Fig. 273). 
Shape of the earth’s orbit.—In discussing the earth’s 
revolution round the sun, it should be mentioned that the 
orbit is not strictly a circle, B 
but is a curve of that kind 
which was described in the 
last chapter as an ellipse. 
In an ellipse (Fig. 274) the A K 
longest diameter, A A’, is 
called the major axis, and 
the shortest diameter, B B’, 
the minor axis. On the B/ 
major axis, there are two "gg7ecAn slineg. AY maior axis 
points which have this pro- 
perty :—If two straight lines be drawn from these two foci to 
meet at any point 
on the curve, the 
total or combined 
length of these 
lines is always the 
same (Fig. 275). 
These two points - 
are known as the 
foci of the ellipse. 
In the great ellip- 


Fic. 275.—Construction of an ellipse. Each of the : 
pins is situated at a focus of the ellipse. tical path of the 
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earth, the sun occupies one of these foci, as at S in Fig. 274. 
It is plain, therefore, that, when the earth is at A, it must be 
nearer to the sun than when at A’. The nearest distance 
is called the perihelion,! and the greatest distance the 
aphelion.” 

Seasons.—It would, at first sight, seem a very fair 
assumption that when the earth is at perihelion it should be 


AUTUMNAL 


WINTER £7 
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Fic. 276.—The earth in its orbit round the sun. 


hottest, because it is then at its nearest point to the sun. 
As a matter of fact, however, the earth is at perihelion 
on January, which is almost the coldest part of the year 
in the northern hemisphere ; and it is at aphelion about the 
beginning of July (Fig. 276). There are, indeed, several 
influences which tend to neutralise the effects of the sun’s 
proximity. ‘Thus, when the earth is at perihelion, the days 
with us are short, for the sun is not long above the horizon. 
Nor does it rise high in the sky, at this season ; and, hence, 


‘i ane : : 
Perthelion, from meph, pert, near ; tAuos, helios, the sun. 
2 Aphelion, from &mo, apo, from ; and hauros. 
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the rays fall very obliquely upon the earth; so that they 
have less heating effect than if they fell more directly upon 
the surface (Fig. 277). Again, it must be remembered that 
the earth moves more rapidly as it approaches the sun. 
These influences more than neutralise any augmentation of 
heat which may be due to increased nearness to the source 
of heat ; hence, the apparent paradox, that the earth is nearer 
to the sun during our 
winter than during 
our summer, becomes 
easily intelligible. 

It is evident that 
the temperature of 
any locality depends 
chiefly on the dura- 
tion of its supply of [GRAINS \Am me aha) 

: 52°N ON MIDSUMMER DAY, 
sunshine, and on the 615° TO HORIZON AT NOON 
direction in which 
the sun’s rays are 
received. If days and 
nights were of equal 
length throughout the 
year, and had the 
same altitude every 


day at noon, there [RYAN sl Rl aU NCR euuD Ls 
52°N ON MIDWINTER DAY, 
would be no seasons. 142° TO HORIZONAT NOON 


But when the sun is 
Ree wine) fonion et Fe edi cummed winer. 
for more than twelve 

hours, the gain of heat by day exceeds the loss by night, 
and when the days are less than twelve hours long, the 
loss is greater than the gain. It is on account of the 
storage of heat by land and water that the hottest time 
of the year in England is not at midsummer, when the 
sun rises highest in the sky, but two months or so later. 
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Zones and tropics.—At the equator the sun is directly 
overhead, or in the zenith, at noon in the spring and autumn, 
and is never more than 232° from the zenith, at either 
solstice ; while the days and nights are of practically equal 


SPRING 
Fic. 278.—Experimental illustration of the cause of seasonal changes. 


length all the year round. Within a circle of 233° latitude, 
on each side of the equator, there is a belt called the 
torrid or tropical zone. At every place within these 
zones, the sun is in the zenith twice a year, and is never 
more than 47° from the zenith. Hence the intense heat of 
tropical regions. ‘The boundaries of these zones are called 
tropics ; and the countries just outside these circles form 
sub-tropical regions, 

Around each pole, a circle of 233° radius may be drawn, 
which will include the polar regions or frigid zone. The 
northern circle is called the Arctic, and the southern is 
called the Antarctic circle. At the poles themselves, the 
sun is above the horizon for six months continuously, and 
below it for an equal period. But, though the polar day is 


eee eel 
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so long, the extreme obliquity of the rays prevents the con- 
tinued sunshine from having so great a heating power as it 
would have further south. In fact, at the poles the sun 
never rises more than 233° above the horizon. 


<\ _ NORTH 


SOUTH \ 
FRIGID ZONE %\ 
¥, 
oh) 
e 


\ 


Fic. 279.—The earth at the two solstices, showing how the inclination of the axis 
determines the positions of the tropics of Cancer and Capricorn, and the width 


of the climatic zones. 


Between the polar and the tropical zones there is, in each 
hemisphere, a broad belt of the earth’s surface, which is 
known as the temperate zone. The distribution of these 
_zones on the surface of the globe is shown in Fig. 279. 

Climate.—The zones on the earth’s surface are dis- 
tinguished, as has just been explained, by their differences 
of climate. The principal factor in the formation of climate 
is, of course, solar heat ; the climate of any place depend- 
ing primarily on the lengths of the days and nights, and on 
the relative duration of the seasons. But climate is also 
greatly affected by the nature of the surface, whether it be 
land or water. Water parts with its heat much more slowly 
than the land does, and it thus retains a store which serves 
to equalise the temperature. On land again, the climate 
depends, to a very great extent, on the altitude. In fact, 
on ascending a high mountain from a plain in a hot 
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country, the traveller meets with changes in the character 
of the animal and vegetable life, which are similar to those 
‘changes which may be observed in passing from low to high 
latitudes. Even within the tropical zone, the highest points 
of the existing high lands are covered with perpetual snow. — 
Climate is also modified by winds, which transport heat and 
moisture from one place to another, and by marine currents. 

Changes of climate.—Climate determines, to a very 
large extent, the character of the animal and vegetable 
population of a country, or its fauna and its flora. From a 
study of the past history of the British Isles, as revealed by - 
the organic remains found in the various rock formations, it 
is evident that this area has at different times undergone 
great vicissitudes of climate; at one time supporting a 
tropical or sub-tropical vegetation, and at another time 
offering a congenial feeding-ground to herds of northern © 
mammals, such as the musk-sheep. These differences of 
climate may be partially accounted for by alterations in the 
relative distribution of the masses of land and water; but 
some of the climatic changes appear to have been so 
extreme, that the geologist has been led to seek their 
explanation in astronomical causes. 


It has been suggested, for instance, that at snes 


periods in the past the sun has emitted varying quantities 
of heat, but no substantial evidence of fluctuations sufficient 
to account for the vicissitudes of geological climates has 
been brought forward. The late Dr. Croll developed in 
detail a theory that secular changes in the eccentricity of 
the earth’s orbit were sufficient to account for variations of 
climate, and Sir R. S. Ball has supported the argument ;_ 
but a critical examination of the effects which would be 
produced by such changes has shown that this astronomical 
explanation of Ice Ages and Genial Ages in the past is 
inadequate. It has been shown that the change of climate 
from this cause would be somewhat less than the changes 
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due to variation in the distribution of land and water ; and 
if this conclusion is accepted, the eccentricity theory must 
be abandoned. Many other causes of changes of geological 
climates have been suggested, but none has met with com- 
plete acceptance. Slight variations in the constitution of 
the earth’s atmosphere in the past would havea very decided 
influence upon climate, and though they do not provide a 
complete solution of the problem, they probably constitute 
a very important factor in it. 


CHAPTER XX 


THE SUN AND GRAVITATION 


REFERENCE has frequently been made, in the course of th 
foregoing chapters, to the effects of solar heat upon th 
earth. Such references, however, have been incidenta 
rather than direct ; and little or nothing has been said, o 
set purpose, about the sun itself. It is proposed, therefore, 
to give in this concluding chapter a simple sketch o: 
what we know about the nature of the sun; and to sho 
that the influence of this body may be regarded as th 
prime mover in the production of most of the phenomena 
which have been described. 

The visible disc.—When the sun is shining in its 
full splendour, it is much too dazzling an object to be 
looked at with the unprotected eye. Viewed, however, 
through a misty atmosphere, or through a dark-coloured 
glass, it presents the appearance of a luminous disc, which 
is usually perfectly circular in shape and homogeneous over 
its entire surface. When the sun is near the horizon, the 
shape of its disc is sometimes distorted by atmospheric 
refraction, and occasionally dark spots can be seen upor 
it with unaided sight, but in general only an immaculate 
circular surface meets the eye. The size of this bright dist 
does not, however, remain precisely the same throughou 
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the year. It was explained in the last chapter (p. 382) 
that, in consequence of the shape of the earth’s orbit, we 
are not always 
separated from 
the sun by the 
same distance ; 
being, in fact, 
much nearer in 
December than 
in July. This 
difference of 


= July x January r. 
distance causes Fic. 280.—Variation in apparent size of the sun due to 
a correspond- the revolution of the earth in an elliptical orbit, having 


the sun at one focus. 

ing difference 
of apparent magnitude in the solar disc (Fig. 280). The 
apparent size of an object, as every one knows, varies 
according to the distance at which it is viewed, so that a 
halfpenny held 
at arm’s length 
may actually 
seem larger 
than the entire 
sun. 

Angular 
diameter.— 
Suppose that 
you are looking 
at a man, A B, 
some distance 
: from you (Fig. 
Fic. 281.—The boy, CD, is half the height of the man, A B, 281); his: ap- 


but he appears to be the same height, because he is at : 
half the distance of AB fromO. parent height 


will be mea- 
sured by the inclination of the two lines, AO, BO, which 
are drawn from the top of his head and the ground at his 
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feet to the centre of your eye. A taller man will give a 
larger angle, and a shorter one a smaller angle. The 
apparent height of the man will therefore depend upon the 
angle which the man forms, or subtends, at the eye. If a 
boy, C D, comes in the line of sight, he may be so placed 
as to subtend precisely the same angle. Hence, a small 
body near to the eye may appear just as big as a large 
body which is farther away. 
Size of the sun.—It is easy to understand from such 

a diagram as Fig. 282 the principle of the method of 
Awe 


Fic. 282.—The diameter of the sun, A B, is so many ti 
] A B, is so many times greater than that of the 
halfpenny, C D, as the distance of the sun ( i is gv 
distance of the halfpenny (9 feet) from O. nese Bi: = ae 


determining the actual size of the sun in miles from 
measurements of the angular dimensions. Let a circular 
disc, say one inch in diameter, be cut out of cardboard ; 
or take the halfpenny mentioned above, for this has 
exactly the diameter of one inch. Let the disc, or 
the coin, be held at such a distance from the eye that it 
just covers the solar disc; the object being kept square 
to the line of sight. It will be found that the required 
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distance is about nine feet. Now, on reference to Fig. 
281, it will be seen that the man AB has exactly twice 
the height of the boy CD, and that he is also at ex- 
actly twice the distance; in these circumstances the two 
bodies appear to the eye at O to have precisely the same 
height. To speak generally, the actual heights of two 
objects which have the same apparent height are directly 
proportional to their distances. Hence, the distance of the 
halfpenny bears to the distance of the sun just the same 
ratio that the actual diameter of the halfpenny bears 
to the actual diameter of the sun. The actual diameter of 
the sun is therefore found by a simple rule-of-three sum ; 
provided, of course, that the sun’s distance be known. 
Astronomers have measured this distance, by methods too 
complicated to be described here, and have found the mean 
value to be nearly ninety-three million miles. Hence it 
follows that the diameter of the sun—that is to say, the 
distance measured from side to side through the centre of 
the sun—is about 866,500 miles. The sun’s diameter is 
therefore more than 10g times as great as the earth’s 
diameter. 

This comparison refers only to diameters, If sections 
of the sun and of the earth were made exactly through the 
centre of each, the area of the sun’s section would be tog 
times 109 times as great as the earth’s section. And if the 
volumes, or bulks, of the two bodies were compared, it 
would be found that the sun’s bulk is 109 x 109 x 109 
times greater than the earth’s bulk. In other words, it 
would require more than a million and a quarter of bodies 
having the same bulk as the earth, to be rolled together, in 
order to form a globe equal in size to the sun. 

No adequate notion of the dimensions and of the distance 
of the sun is gained by casting the eye over the figures 
which represent these magnitudes. But some conception of 
its enormous size may be formed by reference to Fig. 283, 
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which shows a section of the sun, taken through its centre, 
compared with a similar section of the earth, and some of the 
other planets 
which revolve 
around the 
sun. It was 
shown in 
Chap. XVIII 
that the earth 
is a ball of 
vast dimen- 
sions; but it 


283, that this 
huge ball sinks 
into utter in- 
significance 
when com- 


Fic | e e ; pared with 


— 


JUPITER SATURN URANUS NEPTUNE EARTH MARS the mighty 
Pee sphere around 

Fic. 283.—Comparative sizes of the sun and some of the : : 
planets. which it re- 

volves, 

Distance of the sun,—As to the distance of 93,000,000 
miles which separates the sun from the earth, that may be 
represented in a variety of ways; but by none perhaps more 
strikingly than by the statement that a bullet from a Maxim 
gun, though it leaves the muzzle with a velocity of 2,000 feet 
per second, would take seven years to reach the sun. Light, 
which travels with a velocity of 186,000 miles a second, does 
the journey in eight minutes. 
Sun-spots.—Soon after the discovery of the telescope, 


it was directed to the examination of the solar disc. It was 
thus found, in the beginning of the seventeenth century, 


that the sun’s face, instead of being uniformly bright, is 


is seen, by Fig. . 


+-_ 2 


ee 
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often spotted with patches which appear dark, inasmuch as 
they are less luminous than the intensely bright surface 
which surrounds them. Very little observation is needed to 
show that these spots are not constant, either in shape or in 
position ; sometimes indeed, though but rarely, they are 
altogether absent, and the face of the sun then seems 
perfectly pure. If the spots are watched day after day, 
they may be seen to march slowly across the disc, all 


Fic. 284.—The sun and sun-spots. From photographs taken on two successive days. 


moving in the same direction from the eastern edge or limb, 
that is, the edge facing. our eastern horizon, toward the 
western limb, and completing the march in about fourteen 
days. <A fortnight afterwards, some of the very same spots 
which were lost may possibly reappear on the eastern edge, 
though altered in shape.. This regular movement of the 
spots teaches us that the sun rotates on its axis, and thus 
resembles the earth. The direction of rotation is the same 
as that of the earth, namely, from west to east; for though 
the spots are carried from east to west with reference to an 
observer on the earth, the edge or limb facing our east is 
really the western edge of the sun, and that facing the west 
is the eastern edge. One rotation of the sun is accom- 
plished in about twenty-six of our days; but on account of 
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the earth’s revolution around the sun the apparent period of 
rotation is about twenty-eight days. 

From the different forms which the same spot appears to 
assume, in passing across the disc, it may be inferred that 
the shape of the 
sun is spherical ; 
an inference 
which has been 
abundantly cor- 
roborated by 
other observa- 
Fic. 285.—Variation of apparent form of a sun-spot, due — A aNee 

to foreshortening. spot, when near 

to the margin of 

the disc, is foreshortened, and presents quite a different 

appearance from that which it shows when in full view 

near the centre of the disc. This effect is clearly shown 

in Fig. 285, which represents views of the same sun-spot in 
different positions on the disc. 

Spots do not appear on all parts of the sun’s surface, 
none being seen near the poles, and rarely any at the sun’s 
equator. The zones to which they are usually confined 
extend from about 5° to 35° of solar latitude, both north 
and south, and may be compared to the belts in which 
trade winds blow on the earth. In addition to the general 
trend due to the sun’s rotation, spots have movements of 
their own; moreover, those near the equator are carried 
round the axis in a shorter period than spots in higher 
latitudes. Every part of a solid globe must evidently be 
carried round the axis in the same time, as in the case of the 
earth; hence the independent movements of different 
layers of the sun show clearly that it is not a rigid body. 

Nature and changes of sun-spots.—As so much of 
our knowledge of the sun has been derived from a study of 
its spots, it is worth while to inquire a little more closely into 
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their nature. 
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Reference to Fig. 286 will show that a spot is 


not equally dark throughout; the fringed margin, repre- 
sented by a half-shade in the 


figure, is called the penumbra,! 
while the darker shade represents 
the umbra; and within the 
umbra itself there may some- 
times be detected a yet darker 
part, which is called the nucleus. 
‘There is reason to believe that 


most spots are nothing but gigan- 
tic depressions in the general 
level of the sun in which they 
occur; and these becoming filled wth cooler vapours and 


gases are relatively darker than 


Fic. 287.—Sun-spots and mottled structure of the sun’s 


surface. 


From a photograph by Dr. Janssen. 


Fic. 286.—Structure of a normal 
sun-spot. The black spot re- 
presents the earth, drawn on 
the same scale. 


the neighbouring surface. 


The intensely 
luminous part 
of the sun, 
which is the 
seat of these 
spots, is called 
the photo- 
sphere? (Fig. 
287). It ap- 


‘ pears to consist 


of incandescent 
cloudlike mat- 
ter, which is 
subject to vio- 
lent disturb- 
ances, either by 
eruptions from 
below or by 


1 Penumbra, from fene, almost ; wmbra, a shadow. 
2 Photosphere, from as, phos, light ; the light-giving sphere. 
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cool matter descending from higher regions, sun-spots being 
produced as the result of the action. The rapid changes 
in the shape of certain sun-spots indicate the violence of 
this action. Some of the spots are. so large as to occupy 
millions of square miles on the sun’s surface. 

Periodicity of sun-spots.—Spots may be regarded as 
storms on the sun, analogous to cyclones on the earth, and 
of the same transient nature. Observations extending over 
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Fic. 288.—Sympathetic change between the amount of spotted surface ofthe on 
year by year and the variation of the earth’s magnetism. 
many years have revealed-a peculiar periodicity of solar 
activity, as indicated by the number and extent of spots. 
When the total amount of spotted surface from year to year 
is tabulated, it is found to increase and decrease regularly in 
a period of a little more than eleven years. For instance, in 
1889 the spottedness of the sun was at a minimum stage, 
days and weeks passing without a single spot being visible. 
From that year there was a gradual increase in the number 
and size of spots, and in 1893 the summit or maximum of 
solar disturbance was reached ; after which the solar activity 
manifested by spots began to decline, until in 1900 the 
stage of comparative calm was again reached. Delicately 
suspended magnetic needles on the earth are found to throb 
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in unison with this solar cycle; when the sun is most 
spotted they are most disturbed, and when solar activity is 
least they are most restful. Auroras, which are due to 
electrical disturbances in the upper air, are also found to 
rise and fall in frequency in correspondence with the sun- 
spot period. It is possible that the earth’s meteorology 
varies in a similar cycle, but it is modified by so many 
adventitious circumstances, that no simple relationship such 
as that existing between magnetic and auroral disturbances 
and sun-spots can be made out. Sir Norman Lockyer and 
Dr. W. J. S. Lockyer have found, however, that after three 
sun-spot periods, or about thirty-three years, certain solar 
phenomena occur in much the same order and character as 
before ; and as it has been shown that wet and dry seasons’ 
follow a cycle of the same length—the average interval 
between two wet or two dry periods being about thirty-three 
years—it seems probable that some definite connection be- 
tween solar and terrestrial weather may yet be established.! 
Constitution of the sun.—Viewed through a powerful 
telescope, the whole visible surface of the sun seems to be 
coarsely mottled (Fig. 289). This mottling is probably due 
to interspaces or irregularities in the surface of luminous 
clouds. Lower levels are indicated by the darkened spots, 
and in these parts light is lost by absorption through the 
overlying atmosphere ; where, on the contrary, the light is 
unusually bright, there the sun-clouds are probably unusually 
high: such brilliant patches and streaks are best seen near 
the dull margin of the solar disc, and are termed facule,? 
but they occur over a large part of the sun’s surface, 


1 An instructive summary of studies of sympathetic relationships 
between the sun and the earth is given by Sir Norman Lockyer ina 
paper entitled ‘Simultaneous Solar and Terrestrial Changes,” presented 
to the International Meteorological Committee at Southport in 1903 
and reprinted in Vatwwe of February 11, 1904 (vol. 69, p. 351). 

2 Facula, a little torch, diminutive of Lat. fax. 
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Fic. 289.—Minute structure of the sun’s visible 


surface. 


From a photograph taken by Dr. 


Janssen at the Meudon Observatory. Only a 
small part of the solar surface is here shown. 


is called the corona (Fig. 290). 


CHAP. 


and are particularly 
noticeable around 
sun-spots and in the 
sun-spot zones. 
Above the lumin- 
ous photosphere is 
another envelope, 
which is known as 
the chromosphere. 
During a total solar 
eclipse, when the sun 
is obscured by the 
moon’s shadow, the 
dark disc is seen to 
be surrounded by a 
“glory,” or fringe of 
radiant light, which 


Within the corona, around 


the margin of the disc, variously coloured prominences 
may be detected ; these fantastically-shaped tongues of red 


flame may be 
seen to dart forth 
from the gene- 
ral level of the 
chromosphere in 
which they have 
their origin, 
sometimes to the 
extent of 100,000 
miles or even to 
greater distances. 
In ordinary cir- 
Cin Sain Gs 
these effects are 
not visible, in 


Fic. 290.—The solar corona. 


Prof. &. E. Barnard during the total eclipse of the 
sun of May 28, 1g00. 


Photograph taken by 


Ee 
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consequence of the overpowering light of the photosphere. 
But a method was devised by Sir Norman Lockyer and 
Dr. Janssen in 1868, whereby these prominences may be 
examined  with- 
out waiting for 
an eclipse. Such 
examination has 
shown that the 
red flames con- 
sist, for the most : 
part, of the gases Fic. 291.—Solar prominences photographed during the 
total eclipse of the sun of May 28, 1900, by Dr. S. P 

hydrogen and Langley. 
helium, which 
are also the chief constituents of the chromosphere. The 
radiance of the corona is made up of light from incandescent 
solid or liquid particles, sunlight reflected from them, and 
luminous gases in a very attenuated condition, one of which 
is characteristic of coronal radiations. ‘This gas has received 
the name coronium, but it has not yet been discovered in 
terrestrial matter. 

Analysis of sunlight.—It seems almost incredible that 
a person situated on the earth should be able to learn any- 
thing about the chemical constitution of the sun, which we 
know to be 93 millions of miles away. To attempt to subject 
the sun to any of the ordinary chemical processes of the labora- 
tory is, of course, quite out of the question ; but, during the 
latter half of the nineteenth century, a new method of 
analysis was developed whereby a great deal may often be 
learnt about the chemical composition and the physical 
constitution of an unknown body, by proper examination of 
the light which is emitted when the body has been heated 
until it becomes luminous. 

Without entering into a close description of this method, 
which has been applied with signal success to the examin- 
ation of the sun and stars, it is sufficient to remark that, 
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when a beam of sunshine is allowed to pass through a small 
aperture in the wall of a dark chamber, and then to traverse 
a three-sided glass prism, like the drop of a lustre, it does 
not fall as a spot of white light, but is turned aside from its 
course, and spreads out into a broad band, which presents 
all the colours 
of the rainbow. 
This coloured 
band is called a 
spectrum. The 
course of such a 
beam of white 
light is exhibited 
in Fig.292, which 
shows a slit 
through which 
the light is ad- 
mitted, and the 
prism upon 


: _ .. which the beam 
Fic. 292.—When a beam of sunlight traverses a prism it ; 
is broken up into a band of colour termed a spectrum. falls. Thebeam 1S 


not only deflected 

from its’ original path, but also widens into a many-tinted 
band with red at one end and violet at the other extremity. - 
The solar spectrum.—On closely examining the 
spectrum of the sun, which has thus been formed by means 
of a narrow slit and prism, it is found to be. crossed’ by a 
multitude of fine dark lines, which are indeed so many 
spaces in the bright band. These lines are called after their 
discoverer “ Fraunhofer” lines. A spectrum obtained from an 
ordinary gas-flame, or from an incandescent light, differs from 
the solar spectrum by being destitute of these dark lines ; 
the light of the flame being unbroken from end to end. 
But, if certain gases or vapours, such as hydrogen or 
sodium-vapour, be burnt in the path of the artificial light, 


a 


a 


ee 
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lines are immediately produced in the spectrum. If the 
temperature of the substance which produces the lines be 
lower than that of the substance which gives the continuous 
spectrum, the 
lines, will ap- 
pear dark; if 
the temperature 
be higher, the 
lines appear 
bright. Lines 
produced in 


Fic. 293.—Comparison spectra of sun and iron. The 


this way have a Sper bee a a small part of the solar spectrum, 
pots : and the lower shows bright lines in the iron spectrum 
definite posi- coincident with dark Fraunhofer lines. 


tion in the 

spectrum, so that the same chemical element, under the same 
conditions, always gives the same set of lines. It is plain, 
therefore, that, by observing the position of the lines in the 
solar spectrum, and comparing them with the lines which are 
produced by the combustion of various terrestrial elements, 
the presence or absence of such elements in the sun may 
be inferred. For the examination of the spectrum, special 
instruments, called spectroscopes, are employed ; and the 
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. _—The middle band is a part of the solar spectrum, showing dark Fraun 
is hole aces The bright lines above the solar spectrum are lines due to hydrogen, 
and those below belong to the spectrum of helium, Photographed by Mr. C. P. 


Butler. 
method of research itself, which was suggested and worked 
out by Profs. Bunsen and Kirchhoff in 1859, is known as 
spectrum analysis (Figs. 293, 294). 


H. & G. P. YD D 
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By means of spectrum analysis, it has been found that. the — 
sun contains a large number of elements, including hydro- 
gen, helium, iron, calcium, nickel, sodium, manganese, 
carbon, magnesium, chromium, silicon, strontium, barium, 
aluminium, zinc, copper, silver, tin, lead, and potassium. 
Among the elements which have not been detected|in the 
sun, though they occur on the earth, are gold, mercury, — 
nitrogen, antimony, arsenic, sulphur, and phosphorus. » 

The sun’s light and heat.—From the surface of the 
sun, enormous quantities of light and heat are continually 
being radiated, or thrown out into space, in all directions. 
The earth, however, on account of its small size and its 
great distance, can receive but an extremely small propor- 
tion of the total amount which is thus shed. In fact, it is 
calculated that our globe intercepts less than the two-thousand-. 
millionth part of the total quantity of the sun’s light and, 
heat. All terrestrial phenomena, which depend upon 
solar light and heat, are therefore effected by means 
of this extremely minute fraction of the sun’s stores of 
energy. 

Gravitational attraction.—The sun is not only the 
principal source of heat and light to our earth, but it is the 
centre of attraction by which the revolving globe is main- 
tained in its regular orbit. If a piece of iron be held in 
front of a powerful magnet, it will rush to the magnet, 
although there is no visible bond between them. If the 
same piece of iron be left unsupported in the air, it — 
does not remain suspended, but at once falls to the 
ground: in other words, it moves towards the earth, 
just as it moved towards the magnet; though in 
neither case is there any visible cause of motion. The 
invisible cause of the motion of the iron towards the 
magnet is called magnetism; the cause of the motion. of 
the iron towards the earth is called gravitation.! 


* Gravitation, from Lat. gravitas, weight, 
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The tendency of bodies to fall towards the earth is called 
their weight ; and the nearer bodies on the outside of the 
earth are to the earth’s centre, the greater is their weight. 
In consequence of the earth’s spheroidal shape, a body at 
the equator is more distant from the earth’s centre than 
when at either of the poles. Hence, a given mass of matter 
which causes the index of a spring balance to mark one 
pound in London will cause it to mark rather more than a 
_ pound in the polar regions, and rather less than a pound in 
the equatorial zone. If the same object could be carried 
into space, to a position far removed from the earth or any 
other massive body, the spring balance would indicate that 
it had no weight, though the quantity of matter which it 
contained would remain unaltered. 

Gravitation and revolution.—Gravitation is by no 
means confined to the earth, but is exerted, in greater or 
less degree, by every mass of matter in the universe. Of two 
bodies containing different quantities of matter, each tends 
to move towards the other, but the amount of motion of 
each will be less in proportion as its mass is greater. This 
fact is generally expressed by saying that the two bodies 
attract one another, and that the greater the mass of either 
body, the greater is the intensity of its attractive force, pro- 
vided that the distance separating the two bodies remains 
unaltered. Now the sun is a gigantic mass of matter, and 
it attracts all those bodies, including the earth, which circulate 
around it. At present astronomers are acquainted with 
about 500 bodies called planets, which revolve in regular 
orbits round the sun. By far the greater number of these 
bodies are comparatively small and unimportant ; but eight 
of them are large planets, of which the earth is one, though 
by no means the largest. All these planets are retained in 
their orbits by their gravitation towards the sun, which forms 
the great centre of the solar system. 


Let a ball be tied to a piece of string and whirled rapidly 
DD 2 
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round; and while revolving in this way let the string be 
suddenly broken. The ball does not continue to move in a 
circle, but darts off in a straight course, until brought to the 
ground by terrestrial gravity. In like manner the earth 
would rush into space in a straight path if the bond of 
gravitation, which plays the part of the string, were broken 
between the sun and the earth. The revolution of the 
earth in a nearly circular orbit is therefore maintained by 
means of gravitation. 

Tidal action.—Everything upon the earth’s surface is 
subject to terrestrial gravity. Every particle of water tends 
to fall towards 
the centre of 
the earth, and 
&s thus the waters 
Sie > aT TRACTION oF THe GN of the eceamn 
are bound 
down so as to 
form an enve- 
Fic. 295.—Tidal action of the moon. lop e around 


the globe. But 
while the water is thus held to the earth, it is also 


attracted by all the other components of the universe ; 
and, as the particles of water are free to move, the 
position of any given particle, and hence the form of the 
surface of the whole ocean, must be determined, other 
things being alike, by the balance of all these attractions. 
Most of the bodies which lie outside the earth are so 
distant that their influence is inappreciable ; but it is other- 
wise with the sun and the moon. Each of these pulls away 
from the solid earth the water that lies on the face of 
the globe which is turned towards it; while, at the same 
time, it pulls the solid earth away from the water which lies 
on the opposite face of the globe (Fig. 295). 

In any parallel of latitude which traverses nothing but 


WATER 


a 
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sea, the contour of the latter, if left to the attraction of the 
earth alone, will be sensibly a circle. Now suppose the 
sun or the moon to come to any meridian of that parallel, 
then the attraction of these bodies will convert the contour 
of the ocean into an ellipse, of which the long diameter 
will pass through the meridian in question, and that 180° 
from it; while the short diameter will traverse meridians 
at go” from these two. 

If, before the intervention of the sun or moon, the water 
were everywhere of the same depth, it would now be 
deepest at the two meridians, o° and 180°, and shallowest 
at go° and 270°. In other words, it would be high water 
at the former, and low water at the latter meridians. 

Solar and lunar tides.—Supposing the sun or the 
moon to be stationary, it is obvious that, in the course of 
the diurnal rotation of the earth, every point of the ocean 
under the parallel of latitude in question will have been 
twice raised to the height of high water, and twice lowered 
to the depth of low water ; which comes to the same thing 
as if a wave, with a crest the height of high water and a 
trough the depth of low water, had passed twice round the 
parallel in the same space of time. 

Thus the rotation of the earth, combined with the 
attraction of the ocean by the sun and moon, gives rise to 
solar and lunar tidal waves. If the free motion of the 
waters of the ocean were not interfered with by the ocean 
floor and the form of the coast line, and if there were no moon, 
high water would always take place a little after noon and 
midnight ; and low water would be a little after six o’clock in 
the morning and evening. Moreover, the rise and fall of 
these solar tides would be much less than our actual tides , 
for the tide-producing action depends upon the difference 
of the attractive pull at the earth’s surface and at the centre. 
In the case of the moon this difference is greater than that 
of the sun, so the moon’s tidal action is greater than the 
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sun’s, though the actual gravitational influence of the sun 
on the earth greatly exceeds that of the moon. The result 
is that the tide-raising value of the sun is only about one- 
half that of the moon. 

Spring and neap tides.—The lunar tides, therefore, 
are much more important than those caused by the sun. 
If the moon always came to the meridian at the same time 
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Fic. 296.—Relative positions of the sun, moon, and earth at spring and neap tides. 
pe Ouse is supposed to be looking down upon the bodies from a point in 
space. 


as the sun (as is the case at new moon), it is obvious that 
the lunar tide would strengthen the solar tide, and solar 
and lunar high waters and low waters would correspond. 
Again, if the moon were always 180° from the sun (as is 
the case at full moon), the attractions of both would still 
conspire, though not so. completely, to the same end, 
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and the times of high and low water of béth would still 
coincide. 

~ On the other hand, if the moon always came to the 
meridian six hours sooner or later than the sun, it is 
obvious that the two tidal waves would tend to neutralise 
one another. It-would be sun low water when it was moon 
high water, and w7ce versd. - In the former cases the high or 
low water would be the sum (or nearly so) of the solar and 
the lunar high or low waters, while in the latter it would 
be their difference (Fig. 296). 


° : 29 
Height of tideog 
in feet. 


9 St 5 10 15 20 25 30 5 10 15 20, 25,380 
——/ od 
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Fic. 297.—Spring and neap tides. The undulating curve shows the depth of water 

at London and Victoria Docks for each day from October 26 to December 30, 

x903. Notice that the spring tides occur shortly after new and fu!l moon, and 

the neap tides near first and last quarters. 

As a matter of fact the moon, revolving round the earth 
in a lunar month, comes to the meridian about fifty minutes 
later every day, and constantly changes its position in 
relation to the sun. Hence, in the course of every lunar 
month there are two periods (near new and full moon) 
when the times of solar and lunar high water coincide, and 
the vertical movement of the water is greatest; and two 
periods (near the first and third quarters) when solar high 
water coincides with lunar low water, and the converse, and 
when, therefore, the vertical movement of the water is least 
(Figs. 296, 297). The former are called spring tides, and 


the latter neap tides. 
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Times of tides.—This simple explanation of the origin 
of tides is sufficient for our present purpose, but a more 
elaborate theory is required to account for observed facts 
as to tides at different times and places. Spring tides 
rarely occur exactly at the times of new and full moon, and 
only at a few places is it high water exactly when the moon 
is over the meridian or on the opposite side of the earth. 

On the day of the new moon the sun and moon cross the 
meridian together (or nearly so) at mid-day. There is then 
high water at Ipswich, but at London high water does not 
occur until nearly two o’clock. If the time of high water on 
the day of new moon is noted at any place touched by tide, 
it will be found to be the same hour at that place for every 
new-moon day. At full moon also a clock at a tidal port 
always shows the same hour when it is high water at that 
place, and this time is termed the establishment of the 
port. 

Not only at new and full moon but on all days in a lunar 
month the tides follow the moon’s course at an interval of 
time which varies at different places, but is approximately 
constant at any one place. This interval is the same as the 
establishment of a port, and when it is known, the time of 
high tide can evidently be determined from tables showing 
the times when the moon crosses the meridian of the place. 

Progress and range of tides.—As each port has a 
constant tidal establishment, there is a constant tide interval 
between any two places. Whatever may be the time of high 
water at London, the time at Liverpool is about two and a 
half hours earlier, and at Cromer six hours earlier and later, 
This is easily understood, for it merely expresses the fact that 
in their course around our islands the tidal currents take a 
certain time to travel from one place to another. 

The rate of progress of the tide-wave around our islands 
may be seen on the chart reproduced in Fig. 298, in which 
places where high water occurs are connected by co-tidal 
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Fic. 298.—Co-tidal lines around the British Isles. 
which high water occurs at new and full moon, 
tide-wave progresses around our coasts. 


The lines show the times at 
and also the rate at which the 
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lines. The hours of the clock marked against these lines 
show the times of high water at new and full moon, so that 
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Fic. 299.—Charts of tidal currents around the British Isles. From the Monthly. 
Pilot Charts of the Meteorological Office. . : 


the lines are really lines of equal tidal establishment.’ At 
the mouth of the Thames high tide occurs about’ twelve 
o’clock at new and full moon, and that is the time when the 
moon crosses the meridian there. The flood tide occupies 
about two hours in coming up from the Nore to London, a 
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Fic. 300.—Range of tides between Teddington and the Nore. 


distance of about 40 miles; that is to say, it is high water 
at London Bridge two hours later than at the Nore.. Then 
it takes two hours more for the gradual rise of the water to 
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its highest level, to travel onwards from London to 
Teddington, though the distance between these two points 
is less than twenty miles. 

As we go up the river, we find the effect of the tide 
gradually diminishing, until at length it ceases to be felt. 
At Sheerness the 
difference be- 
tween the aver- 
age height of 
high and low 
water, or the 
range of the 
tide, is about 
twenty feet, at 
London Bridge 


about fifteen feet, i a ; 
but = Tedding- Photo. H.W. Taunt. 
ton it 1s only two Fic. 30r.—Teddington Weir. Low tide. 


feet (Fig. 300). 
In point of fact, the tidal movement has no influence 
beyond Teddington Weir, some nineteen miles above 
London Bridge. 

Tidal waves.—In the open sea the water is raised by 
the attraction of the moon, or of the moon and sun com- 
bined, and then falls ; so that the true tidal wave represents 
a mere oscillatory movement up and down. Every particle 
of water of the oceans, however, partakes of this movement, 
and in this respect tidal influence differs from that of wind, 
which only affects water near the surface. In.the open 
ocean the lunar wave rises to a height of about two or 
two and a half feet, and the solar wave to about one foot, so 
that the two combined would only produce a tidal wave of 
about four feet. These are the only true tidal waves, and 
their velocity in the Atlantic Ocean is about seven hundred 
miles an hour. ‘The only effect of such waves on a ship is 
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to lift it up and down, but in narrow channels and around — 


complicated coast lines the tidal wave gives rise to a forced 

wave or current in which the water actually moves backward 

and forward, as has already been described (see p. 208). 
Secular effects of tidal action.—Consideration of 


the effect of tidal action on the motions of the earth and — 


moon has led Professor G. H. Darwin to results of great 
interest.1 The earth rotates under the tide raised by the 
moon, and the backward pull upon the water acts as a 
drag upon our spinning globe, tending to decrease the rate 
of rotation, and therefore to increase the length of the day. 
Carrying this line of reasoning back through the distant 
past, Professor Darwin finds that at one time the earth 
rotated on its axis in less than six hours, so that tidal 
friction has increased the length of the day to four times its 
early value. At that epoch the earth and moon rotated 
together as one body, and the day and the month were of 
the same length. As the day increased in length, there was 
a corresponding increase in the distance of the moon from 
the parent mass and in the length of the month. The 
number of days in a month increased until a revolution of 
the moon around the earth occupied nearly twenty-nine 
rotations, and then decreased to the present time, when the 
‘moon’s period of revolution is 27% of our days. Looking 
far into the future, it appears that eventually the earth will 
turn so slowly on its axis as to take fifty-seven days of the 
present length to complete one rotation, and the moon’s 
period of revolution will then be of the same length. The 
final result of the moon’s tidal action upon the earth, and 
the earth’s reaction upon the moon, is thus to reduce the 
day and the month to periods of equal length; and the 
history of the earth-moon system will be at an end when 
that great day is reached. But these speculations are not 


* See The Tides and Kindred Phenomena in the Solar System. By 
Prof. G. H. Darwin. (Murray, 1898.) 


; 
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limited to the earth or even to the solar system. Many 
of the stars which appear as single bodies when viewed 
through the most powerful telescope are really two or 
more luminous globes so close together that they cannot 
be seen separately; and there is substantial reason for 
believing that they represent stages in the formation of 
worlds by tidal action. The flow of the tide in a river, or 
the periodic rise and fall of the waters of the sea, can thus 
be connected by a continuous line of reasoning with the 
birth of the moon from the earth, the earth from the 
sun, and a sun or star from a whirling mass of cosmic 
matter. 

Conclusion.—In order to explain the movements of water 
upon the earth, from the bubbling spring to tidal waves, it 
has been necessary to refer them to the influence of the sun 
and moon. In the case of the tides the moon’s action 
predominates, but most of the other effects described are 
due directly or indirectly to that vast body, more than ninety 
millions of miles away, around which the earth is constantly 
circling. 

Every river is fed, directly or indirectly, by rain; and the 
rain is condensed from vapour, which has been raised into 
the atmosphere by means of solar heat. Without the sun, 
therefore, there could neither be rain nor rivers ; and hence 
it is not too much to say that the origin of every river is 
ultimately to be traced to the sun. Rain is dependent for 
its distribution upon currents in the atmosphere, but these 
currents are due to disturbances of equilibrium which are 
brought about by means of solar heat. Without the sun, 
then, there could be no winds. ‘The currents of the sea 
engaged attention in another part of our work ; but here, 
again, the sun is the prime mover. Whatever view be taken 
of the origin of such currents—whether they are due to the 
-immediate action of winds, or to variations of temperature 
in the water, or to the excess of evaporation in one place 
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‘over that of another—it is clear that the sun is the real 
agent in the formation of ocean-currents. 

In another chapter attention was directed to the pheno- 
mena which are presented by cold, and especially to the 
formation of glaciers ; here, if anywhere, it might have been 
supposed that the sun certainly had no part to play. Yet 
it must be remembered that the ice of a glacier is water 
which has been distilled by the sun’s heat, and that the 
descent of snow in one place connotes the evaporation of 


water in another locality. Without the sun, therefore, there | 


could be no glaciers. 

Considerable attention was given, in several chapters, to 
the phenomena of life, so far as they bore upon the subject 
under discussion. But every one knows that heat and light 
are such :necessary conditions for the manifestation of life 
that the earth would become lifeless if sunshine were 
withheld. Without the heat which.is derived from the sun 
the temperature of the earth would fall far below the limit 
at which life can be sustained. All the energy of vital activity 
is derived directly or indirectly from the energy of the sun, 
as explained in Chapter XIV. Green plants decompose 
carbon dioxide and obtain -their supply of carbon only 


under the influence of sunshine; and it has often been . 


remarked that our stores of coal represent so much sun- 
shine of the Carboniferous period. Nor is this a mere 
wild fancy ; for without the sun there would certainly have 
been no coal. . 
_ It has been mentioned that Britain has experienced 
great changes of climate at different periods of its history ; 
and such changes depend primarily upon our varying 
relations with the sun. In fact, without the sun a 
large part of our country could have had no geological 
history, for many beds of rock are almost exclusively made 


up, of fragments which have been worn from pre-existing © 


land by means of running water; and the flow of water 
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must be connected, directly or indirectly, with the action of 
the sun. . ' 

At the furthest point to which we have pushed our 
analysis of the causes of the phenomena presented to us, 
the sun is thus revealed as the grand prime mover in all 
that circulation of matter which goes on, and has gone on 
for untold ages, over the surface of the earth ; while the fall 
of a raindrop, the flow of a river, the swing of the tides, 
prove to be caused by the working of a force which controls 
the revolution of the earth around the sun, and extends 
from planet to planet, and from star to star, throughout the 
universe, 
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Polar diameter, 355 

Polar regions, 384 

Pole star, altitude of, 352 

Pole star, measurement 
the altitude of, 353 

Pole star or north star, 5 

Polyp, 289 

Position, 


chemical 


of 


determination of, 


357 

Pot-holes in ravine, formation 
of, 144 : 

Pre-historic times, 329 

Pressure charts, 112 

Pressure of the air, gr 

Primary rocks, 336 

Prime meridian, 359 

Prominences, 398 

Properties of oxygen and 
nitrogen, 80 

Proteids, 262 

Protoplasm, 262 

Pteropods, 309 

Pumice, 242 

Putrefaction, 267 


RADIOLARIA, 311 

Radiolaria in rocks, 316 
Rain, 50 

Rain and rivers, work of, 


13 
Ran, clouds and, 37 
Rain, distribution of, 47 
Rain gauge, 54 
Rainfall, 45 
Rainfall, abundant. 49 
Rainfall, British, 46 
Rainfall, disposal of, 55 
Rainfall, measurement of, 53 


INDEX . 


Rain - water, atmospheric 
gasesin, 126 : 
Rain-water, chemical action 

of, 129 
Rainy days, 51 
Rainy season, 49 
Red rain, 51 
Regelation, 172 
Relative weight of water, 137 
Reports, weather, 110 
Revolution, 36 
Revolution, gravitation and, 


403 

Rhabdoliths, 311 

Rhabdospheres, 311 

River bars and shoals, 158 

River basin, 32 

River basins of England, 34 

River gravel and loam, 322 

Rivers, sediment of, 139 

Rivers, springs and, 19 

River, source of a, 29 

River system, a, 147 

River valleys, 150 

River water, saline constitu- 
ents in, 134 

Roads and contours, 15 

Roches moutonnées, 180 

Rock crystal, 64 

Rock, fused, 341 

Rock, life-history of a, 343 

Rock-smoothing by glaciers, 
178 

Rocks, igneous, 341 

Rocks of recent origin, 321 

Rocks, permeable and im- 
permeable, 19 

Rollers, 197 

Rotation, 361 

Rotation of the earth, 363 

Rust, 79 


SALINE springs, 133 

Salses, 255 

Sand, 142 

Sand, Bagshot, 323 

Sand-dunes, 118 

Scale, 7 

Scales of maps, 7 

Scoria, 242 

Scud, 43 

Sea-anemones, structure of, 
288 

Sea and air temperatures, 200 

Sea and its work, 189 

Sea waves, caused by earth- 
quake, 230 

Seasons, 382 

Seat-earth, 276 

Secondary rocks, 323 

Seconds, 358 

Sections, 14, 27 

Sediment of rivers, 139, 152, 
160 

Seismology, 229 


Seismometers, 229 

Selenite, 130 

Selenitic waters, 130 

Shale, 275 

Sidereal day, 373 

Sigillarie, 277 

Silica, 142, 260, 271 

Silica from plants, solidified 
270 

Siliceous deposits, 31 

Silt-in lakes, 153 

Slate, 339 

Sleet, snow, and, 67 

Slope or gradient, 16. 

Snow, 57, 65 

Snow and sleet, 67 

Snow crystals, 65 

Snow on mountain tops, 16 

Snow, perpetual, 68 

Snow-flake, 65 

Snow line, 68 

Sodium, 136 

Solar corona, 398 

Solar days, 375 

Solar prominences, 399 

Solar spectrum, 400 

Solar tides, 405 

Soil and subsoil, 319 

Solstice, summer, 380 

Solstice, winter, 380 

Solstices, equinoxes and, 33e 

Source of a river, 29 

Source of dew, 59 

Specific gravity, 85 

Spectroscopes, 401 

Spectrum, 400 

Sphagnum, 273 

Spheres, celestial and terres- 
trial, 351 f 

Spheres, terrestrial and celes 
tial, 351 

Sporangia, 279 

Spores, 279 

Spring or vernal equinox, 3 

Spring tides, 406 

Springs, 22 

Springs and rivers. 19 

Springs, chalybeate, 133 . 

Springs, formation of simple ’ 


22 
Springs, hot, 25z 
Springs, mineral, 133 
Springs, saline, 133 
Stalactites, 132 
Stalagmites, 132 
Steam, 37 
Stigmariz, 276 
Strata, 22, 220 
Strata, anticlinal, 221 
Strata, arrangement of, 319 | 
Strata, fractured, 25 
Strata, horizontal and - 
and : 


Strata, horizontal 


torted, 219 
clined, 23 


: 
a 


Strata, synclinal, 22r 

Strata-cumulus, 43 

Stratus, 42 

Streams, converging 

_ diverging, 157 

Stone age, 329 

Stone celt, 328 

Storm warnings, rr5 

Submarine deposits and erup- 
tions, 248 

Submarine studies, 304 


and 


Subsidence theory of coral | 


reefs, 29) 
Subsoil, soil and, 319 
Substances, elementary or 


simple, 123 
Sub-tropical regions, 384 
Sulphuretted hydrogen, 86 
Summer, 378 
Sun, 388 
Sun and sun-spots, 393 
Sun, apparent annual motion 
of,375 
Sun, constitution of, 397 
Sun, distance of, 392 
Sun, size of, 390 
Sun-spots, 392 
Sun, surface of the, 396 
Sundial, 373 
Sunlight, analysis of, 399 
Sun’s light and heat, the, 402 
Sun-spots, change of, 394 
Sun-spots, nature of, 394 
Sun-spots, periodicity of, 396 
Synclinal folds, 321 
Synthesis, 125 


‘TELEGRAPH plateau, 307 
Temperate zone, 385 
Temperature and pressure of 
the air, 91, 95 
‘Temperatures at great depths, 


249 ven 
‘Temperatures, British, 100 
Temperatures, land and 


water, 99 

‘Temperatures, sea and air, 
200 

Temperatures, underground, 


248 
Tentacles, 288 
Tertiaries, London, 27 


INDEX 


Tertiary rocks, 322 
Thermograph, self-registering, 


O4 

Thermometer scales, 92 

Thermometers, 75, 91 

Tidal action, 404 

Tidal action, secular effects 
of, 412 

Tidal currents, 208 

| Tidal waves, 208, 405, 411 

| Tides, lunar, 405 

Tides, neap, 406 

Tides, progress and range of, 
408 

| Tides, solar, 405 

Tides, spring, 406 

Tides, times of, 48 

Time, apparent, 374 

Torricellian vacuum, 107, 

Torrid zone, 384 

Tors, 11 

Trade winds, 369 

| Trade winds, general direc- 

tion of, 369 

| Travertine, 253 

Trias, 332 

Triassic formation, 332 

Tripoli powder, 270 


| Tropics, 384 


| Turf, 273 


| UMBRA, 395 
| Under-clay, 276 
| Upheaval of land, 227 


Vacuum, Torricellian, 107 
Valleys, submerged, 276 
Vaporisation, 72 
| Vapour, 87 
: Vapours and gases, 87 
Variation, 7 
Vesuvius, 246 
! Visible horizon, 350 
| Volcanic action in Britain, 
evidences of, 256 
Volcanic ash, 235 


| Volcanic ash and dust, 238 
| Volcanic eruption, phenomena 


of, 236 


| Volcanic eruptions, 235 


Volcanic lava, 235 
Volcano, crater, 235 
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Volcano, structure of. 235 

Volcanoes and earthquakes, 
distribution of, 233 

Volcanoes, earthquakes and, 
225 

Volcanoes, extinct, ‘256 

Volcanoes, mud, 255 


Waste of the land by rain, 
140 

Water, circulation of, 203 

Water, composition of, 124 

Water, constituents of pure, 
121 

Water, expansion of, 61, 163 

Water, hardness of, 130 


- Water, high and low, 206 


Water, natural distillation of 


7 
Water, nature of, rar 
Water surface, curvature 0%, 
354 
Water vapour, 37, 87 
Water-parting, 32 
Water-partings of England, 


34 
Waters, hard, 130 
Watershed, 33 
Waves, 189 
Waves, heights of, 198 
Waves, tidal, 208, 405, 4z¥ 
Weald, 325 
Weather reports, 110 
Weight of air, 104 
Weight of water, re'ative, 137 
Wells, artesian, 26 
Wind and wave, 196 
Wind, barometer and, r14 
Wind, work of, 118 
Winds, south-west, 371 
Winter, 378 
Work of rain and rivers, 139 


XENON, 86 
VEAR, 372 


ZENITH, 352 

Zone, frigid, 384 

Zone, temperate, 385 
Zone, torrid or tropical, 384 
Zones, 384 
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